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rodegenerative diseases, e.g., AlZheimer’s disease, in a 
mammal comprising compounds of the present Formula. 
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THIAZOLE SULFONAMIDE COMPOUNDS 
FOR THE TREATMENT OF 

NEURODEGENERATIVE DISORDERS 

CROSS REFERENCE TO RELATED 
APPLICATION 

The present application claims bene?t of US. Ser. No. 
60/558,627 ?led on Apr. 1, 2004, Which is incorporated by 
reference herein in its entirety. 

FIELD OF THE INVENTION 

The present invention relates to the treatment of neuro 
degenerative and/or neurological disorders such as Alzhe 
imer’s disease in mammals, including humans. This inven 
tion also relates to inhibiting, in mammals, including 
humans, the production of AB-peptides that can contribute to 
the formation of neurological deposits of amyloid protein. 
More particularly, this invention relates to thiaZole sulfona 
mide compounds useful, e. g., for the treatment of neurode 
generative and/or neurological disorders, such as AlZhe 
imer’s disease, related to AB-peptide production. 

BACKGROUND OF THE INVENTION 

Dementia results from a Wide variety of distinctive patho 
logical processes. The most common pathological processes 
causing dementia are AlZheimer’s disease (AD), cerebral 
amyloid angiopathy (CAA) and prion-mediated. diseases 
(see, e.g., Haan et al. Clin. Neurol Neurosurg. 1990, 92(4): 
305-310; Glenner et al. J. Neurol. Sci. 1989, 9411-28). AD 
affects nearly half of all people past the age of 85, the most 
rapidly groWing portion of the United States population. As 
such, the number of AD patients in the United States is 
expected to increase from about 4 million to about 14 
million by the middle of the next century. Treatment of AD 
typically is the support provided by a family member in 
attendance. Stimulated memory exercises on a regular basis 
have been shoWn to sloW, but not stop, memory loss. A feW 
drugs, for example AriceptTM, provide treatment of AD. 
A hallmark of AD is the accumulation in the brain of 

extracellular insoluble deposits called amyloid plaques and 
abnormal lesions Within neuronal cells called neuro?brillary 
tangles. Increased plaque formation is associated With an 
increased risk of AD. Indeed, the presence of amyloid 
plaques, together With neuro?brillary tangles, is the basis for 
de?nitive pathological diagnosis of AD. 

The major components of amyloid plaques are the amy 
loid AB-peptides, also called AB-peptides, that consist of 
several proteins including 38, 40, 42 or 43 amino acids, 
designated as the A6168, A6140, A6142 andA[3l_43 peptides, 
respectively. The AB-peptides are thought to cause nerve cell 
destruction, in part, because they are toxic to neurons in vitro 
and in vivo. 

The A6 peptides are derived from larger amyloid precur 
sor proteins (APP proteins), that consist of four proteins 
containing 695, 714, 751 or 771 amino acids, designated as 
the APP695, APP714, APP751, and APP771, respectively. 
Proteases are believed to produce the AB peptides by cleav 
ing speci?c amino acid sequences Within the various APP 
proteins. The proteases are named “secretases” because the 
AB-peptides they produce are secreted by cells into the 
extracellular environment. These secretases are each named 
according to the cleavage(s) they make to produce the 
AB-peptides. The secretase that forms the amino terminal 
end of the AB-peptides is called the beta-secretase. The 
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2 
secretase that forms the carboxyl terminal end of the 
AB-peptides is called the gamma-secretase (Haass, C. and 
Selkoe, D. J. 1993 Cell 75:1039-1042). 

This invention relates to novel thiaZole sulfonamide com 
pounds that inhibit AB-peptide production, to pharrnaceuti 
cal compositions comprising such compounds, and to meth 
ods of using such compounds to treat neurodegenerative 
and/or neurological disorders. 

SUMMARY OF THE INVENTION 

The present invention relates to compounds of the For 
mula I: 

1) R1 is -(C6-Cl4) aryl, or -(5-14 membered) heteroaryl, 
Wherein said aryl and heteroaryl are each optionally substi 
tuted With one or more (CO-C4 alkylene)-Rl3; 

2) R2 and R3 are independently selected from the group 
consisting of: 
iH, a straight or branched Cl-C6 alkyl, C2-C6 alkenyl, 

C2-C6 alkynyl , C3-C8 cycloalkyl, C6-Cl4 aryl and (5-14 
membered) heteroaryl, Wherein said alkyl, alkenyl and alky 
nyl are each optionally substituted With substituents selected 
from the group consisting of iF, 4C1, iBr, 40H, Cl-C4 
alkoxy, and iSi(Cl-C4)alkyl, and Wherein said aryl and 
heteroaryl are each optionally substituted With one or more 
(CO-C4 alkylene)-Rl3; or R2 and R3 taken together form a 
C3-C8 cycloalkyl; 

3) R4 is C6-Cl4 aryl or (5-14 membered) heteroaryl 
substituted With one or more (CO-C4 alkylene)-Rl3; 

4) R5 and R6 are independently selected from the group 
consisting of: 
-H, -F, ‘Cl, -Br, iCN, iNOZ, ‘CHO, iC(=O) 

NRgRlo, iC(=O)ORlO, iNRgRlo, iNR9C(=O)RlO, 
iNR9C(=O)OR1O, and NR9C(=O)NR9R1O; or R5 and 

R6 are independently a straight or branched Cl-C2O alkyl, 
C2-C2O alkenyl, C2-C2O alkynyl, (CO-C6 alkylene)-(C3-Cl2 
cycloalkyl), or (CO-C6 alkylene)-(C3-Cl2 heterocycloalkyl), 
Wherein said alkyl, alkenyl, alkynyl, alkylene, cycloalkyl 
and heteroalkyl are each optionally substituted With one or 
more (CO-C6 alkylene)-R7; or R5 and R6 are independently 
selected from (CO-C6 alkylene)-(C6-C,l4 aryl), or (CO-C6 
alkylene)-(5-14 membered heteroaryl), Wherein said aryl 
and heteroaryl are each optionally substituted With one or 
more R7 and Wherein said alkylene is optionally substituted 
With one or more (CO-C6 alkylene)-R8; or R5 and R6 When 
attached to the adjacent carbon atoms of the thiaZole ring, 
together form a (4-8 membered) cycloalkyl, (4-8 membered) 
heterocycloalkyl, or C6-Cl0 aryl Wherein said cycloalkyl or, 
heterocycloalkyl are each substituted With one or more 
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(CO-C6 alkylene)-R8, (CO-C6 alkylene)-(C6-Cl4 aryl), or (C0 
C6 alkylene)-(5-l4 membered heteroaryl) and wherein said 
aryl and heteroaryl are each optionally substituted With one 
or more R7. 

5) Z is a bond or a straight or branched Cl-C6 alkylene, 
Wherein each hydrogen atom of said alkylene is optionally 
independently replaced With a ?uorine. 

6) R7 is -F, %l, iBr, ADH, iCN, iCHO, iNOz, 
iNRgRlo, iNR9C(=O)RlO, iNR9C(=O)NR9RlO, 
iNR9C(=O)ORlO, A)C(=O)iR9, ADC(=O)NR9RIO, 
iC(=O)NR9RlO, %(=O)ORIO, iSO2NR9RlO, %l 
C6 alkyl, ‘C2-C6 alkenyl, ‘C2-C6 alkynyl, iC3-C8 
cycloalkyl, iC3-C8 heterocycloalkyl, ‘C1-C6 alkoxy, 
-(C6-Cl4) aryloxy, -(5-l4 membered) heteroaryloxy, -(CO-C4 
alkylene)-(C6-Cl4) aryl, or 

-(CO-C4 alkylene)-(5-l4 membered) heteroaryl, Wherein 
said alkyl, alkenyl, alkynyl, cycloalkyl and heterocycloalkyl 
are each optionally substituted With one or more R8, and 
Wherein each hydrogen atom of said alkyl, alkenyl, alkynyl, 
cycloalkyl, heterocycloalkyl and alkoxy is optionally inde 
pendently replaced With a ?uorine; 

7) R8 is -F, %l, iBr, %N, %HO, iORg, ADC 
(=O)iR9, iOC(=O)NR9RlO, iNOZ, iNRgRlo, 

8) R9 and R10 are iH, ‘C1-C6 alkyl, ‘C2-C6 alkenyl, 
iC2-C6 alkynyl, -(CO-C4 all<ylene)-(C3-C8 cycloalkyl), 
{C0-C4 alkylene)-(C6-Cl4 aryl), -(CO-C4 alkylene)-(3-8 
membered heterocycloalkyl), or -(CO-C4 alkylene)-(5-l4 
membered heteroaryl), Wherein said alkyl, alkenyl, alkynyl, 
cycloalkyl, aryl, heterocycloalkyl, and heteroaryl are each 
optionally independently substituted With from one or more 
substituents independently selected from the group consist 
ing of -F, %l, iBr, iCN, ADH, iNOZ, iNRllRlz, 
iC(=)ONRnR12, %(=O)Rll, %(=O)ORl2, 
iSO2NRl1Rl2, iCl-C6 alkyl, ‘C1-C6 alkoxy, iCl-C6 
hydroxyalkyl, -(CO-C4)-(C6-Cl4) aryl), and -(CO-C4)-(5-l4 
membered heteroaryl). 

Or R9 and R10 With nitrogen forms a 4-8 membered 
heterocycloalkyl moiety, Wherein said heterocycloalkyl is 
optionally substituted With one or more substituents selected 

from the group consisting of iF, iCl, iBr, iCN, 
iCHO, ADH, iNOz, iNRllRlz, %(=)ONRURIZ, 
iC(=O)Rll, %(=O)ORl2, iSO2NRnRl2, 13 Cl-C6 
alkyl, iC2-C6 alkenyl, iC2-C6 alkynyl, ‘C1-C6 alkoxy, 
iC3-C8 cycloalkyl, C3-C8 heterocycloalkyl, C6-Cl0 aryl, 
and 5-14 membered heteroaryl, Wherein said alkyl, alkenyl, 
alkynyl, alkoxy, cycloalkyl, heterocycloalkyl, aryl, het 
eroaryl are each optionally substituted With E, iCl, iBr, 
iCN, ADRU, A)C(=O)iRll, ADC(=O)NRURI2, 
iNOZ, iNRllRm, 
iNRnC(=O)R12, iNRllC(=O)NRllRl2 iNRllC 

(=O)ORl2, iC(=O)NRllR12, iSO2NRllR , 

9) R11 and R12 are hydrogen, Cl-C6 alkyl, C2-C6 alkenyl, 
C2-C6 alkynyl, C3-C8 cycloalkyl, 4-8 membered heterocy 
cloalkyl, C6-Cl4 aryl or 5-l4 membered heteroaryl, Wherein 
said alkyl, alkenyl, alkynyl, aryl and heteroaryl are each 
optionally independently substituted With from one to three 
substituents independently selected from the group consist 
ing of ‘OH, iCl-C6 alkyl, 
‘C2-C6 alkenyl, iC2-C6 alkynyl, ‘C1-C6 alkoxy, 4C2 

C6 alkenoxy, iC2-C6 alkynoxy, ‘C1-C6 hydroxyalkyl, 
-F, %l, iBr, fl, iCN, iNOZ, %F3, iNHZ, iNH 
(Cl-C6 alkyl), iN(Cl-C6 alkyl)2, 
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4 

iSO2N(Cl-C6 alkyl)2, %(=O)H, %(=O)OH and 
4C(=O)O(Cl-C6 alkyl), Wherein said alkyl, alkenyl and 
alkynyl substituents are each optionally independently fur 
ther substituted With from one to six ?uorine atom; 
Or R11 and R12 With nitrogen taken together to form a 4-8 

membered heterocycloalkyl, Wherein said heterocycloalkyl 
is optionally independently substituted With from one to 
three substituents independently selected from the group 
consisting of ‘OH, iCl-C6 alkyl, ‘C2-C6 alkenyl, 4C2 
C6 alkynyl, ‘C1-C6 alkoxy, ‘C2-C6 alkenoxy, iC2-C6 
alkynoxy, iCl-C6 hydroxyalkyl, iF, iCl, iBr, fl, 

iC(=O)OH and iC(=O)O(Cl-C6 alkyl), Wherein said 
alkyl, alkenyl and alkynyl substituents are each optionally 
independently further substituted With from one to six 
?uorine atoms. 

10) R is -F, -Cl, -Br, iCN, %HO, ADH, iNOz, 
iNRllRlz, %(=)ONRURI2, iC(=O)Rll, iC(=O) 
ORl2, iSO2NRllRl2, ‘C1-C6 alkyl, ‘C1-C6 alkoxy, 
‘C3-C8 cycloalkyl, 4-8 membered heterocycloalkyl, 
C6-Cl0 aryl or 5-l4 membered heteroaryl, Wherein each 
hydrogen atom of said alkyl, alkoxy, cycloalkyl and hetero 
cycloalkyl is optionally independently replaced With a ?uo 
rine; 

11) X is S or O. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention is directed to compounds having 
the structural Formula I Where the radicals have the mean 
ings given above. 
The term “halogen” or “halo,” as used herein, unless 

otherWise indicated, includes F, Cl, Br, and I. 
The term “alkyl”, as used herein, unless otherWise indi 

cated, includes saturated monovalent hydrocarbon radicals 
having straight or branched moieties. Examples of alkyl 
groups include, but are not limited to, methyl, ethyl, n-pro 
pyl, isopropyl, and t-butyl. 

The term “alkenyl”, as used herein, unless otherWise 
indicated, includes alkyl moieties having at least one car 
bon-carbon double bond Wherein alkyl is as de?ned above. 
Examples of alkenyl include, but are not limited to, ethenyl 
and propenyl. 
The term “alkynyl”, as used herein, unless otherWise 

indicated, includes alkyl moieties having at least one car 
bon-carbon triple bond Wherein alkyl is as de?ned above. 
Examples of alkynyl groups include, but are not limited to, 
ethynyl and 2-propynyl. 

Unless otherWise indicated, as used herein, the term 
“alkylene” includes saturated, divalent hydrocarbon radicals 
i.e., generally present as a bridging group betWeen tWo other 
groups, having straight or branched moieties. Examples of 
alkylene groups include iCHz-(methylene); iCHZCHZ 
(ethylene); 4CH2CH2CH2-(propylene), iCH(CH3)CH2 
(isopropylene) etc. 
The term “cycloalkyl”, as used herein, unless otherWise 

indicated, includes non-aromatic saturated cyclic alkyl moi 
eties consisting of one or more rings, Wherein said rings (if 
more than one) share at least one carbon atom, Wherein alkyl 
is as de?ned above. Examples of cycloalkyl include, but are 
not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
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hexyl, cycloheptyl, bicyclo-[3.l.0]-hexyl, bicyclo-[2.2.l] 
hept-l-yl, norbornyl, spiro[4.5]decyl, spiro[4.4]nonyl, spiro 
[4.3]octyl, spiro[4.2]heptyl and adamantanyl. 
The term “aryl”, as used herein, unless otherwise indi 

cated, includes an organic radical derived from an aromatic 
hydrocarbon by removal of one hydrogen, such as phenyl, 
naphthyl, indenyl, indanyl, and ?uorenyl. “Aryl” encom 
passes fused ring groups Wherein at least one ring is aro 
matic. 

The terms “heterocyclic”, “heterocycloalkyl”, and like 
terms, as used herein, refer to non-aromatic cyclic groups 
consisting of one or more rings, Wherein said rings (if more 
than one) share one or tWo atoms and each ring contains up 
to four heteroatoms (i.e. from Zero to four heteroatoms, 
provided that at least one ring contains at least one heteroa 
tom). The heterocyclic groups of this invention can also 
include ring systems substituted With one or more 0, 
S(O)Ze,0_2, and/or NiR9 as heteroatoms, Wherein R9 is as 
de?ned above, and Wherein the subscript “Zero-2” of 
S(O)Ze,0_2 represents a group of integers consisting of Zero, 
1, and 2. Thus, S(O)Ze,0_2 represents the group consisting of 
S, S(=O), and S(O)2. Examples of non-aromatic heterocy 
clic groups are aZiridinyl, aZetidinyl, pyrrolidinyl, piperidi 
nyl, aZepinyl, piperaZinyl, l,2,3,6-tetrahydropyridinyl, 
oxiranyl, oxetanyl, tetrahydrofuranyl, tetrahydrothienyl, tet 
rahydropyranyl, tetrahydrothiopyranyl, morpholino, thio 
morpholino, thioxanyl, pyrrolinyl, indolinyl, 2H-pyranyl, 
4H-pyranyl, dioxanyl, 1,3-dioxolanyl, pyraZolinyl, dihydro 
pyranyl, dihydrothienyl, dihydrofuranyl, pyraZolidinyl, imi 
daZolinyl, imidaZolidinyl, 3-aZabicyclo[3 .l .0]hexanyl, 
3-aZabicyclo[4.1.0]heptanyl, quinoliZinyl, quinuclidinyl, 
l,4-dioxaspiro[4.5]decyl, l,4-dioxaspiro[4.4]nonyl, 1,4-di 
oxaspiro[4.3]octyl, and l,4-dioxaspiro[4.2]heptyl. 

The terms “heteroaryl”, as used herein, refers to aromatic 
groups containing one or more heteroatoms (O, S, or N), 
preferably from one to four heteroatoms. A multicyclic 
group containing one or more heteroatoms Wherein at least 
one ring of the group is a “heteroaryl” group. Examples of 
heteroaryl groups are pyridinyl, pyridaZinyl, imidaZolyl, 
pyrimidinyl, pyraZolyl, triaZolyl, pyraZinyl, quinolyl, iso 
quinolyl, l,2,3,4-tetrahydroguinolyl, tetraZolyl, furyl, thie 
nyl, isoxaZolyl, thiaZolyl, oxaZolyl, isothiaZolyl, pyrrolyl, 
indolyl, benZimidaZolyl, benZofuranyl, cinnolinyl, inda 
Zolyl, indoliZinyl, phthalaZinyl, triaZinyl, 1,2,4-trizainyl, 
1,3,5-triazinyl, isoindolyl, l-oxoisoindolyl, purinyl, oxadia 
Zolyl, thiadiaZolyl, furaZanyl, benZofuraZanyl, ben 
Zothiophenyl, benZotriaZolyl, benZothiaZolyl, benZoxaZolyl, 
quinaZolinyl, quinoxalinyl, naphthyridinyl, dihydroquinolyl, 
tetrahydroquinolyl, dihydroisoquinolyl, tetrahydroiso 
quinolyl, benZofuryl, furopyridinyl, pyrolopyrimidinyl, and 
aZaindolyl. 
Compounds of the Formula I may have optical centers 

and therefore may occur in different enantiomeric and 
diastereomeric con?gurations. The present invention 
includes all enantiomers, diastereomers, and other stereoi 
somers of such compounds of the Formula I, as Well as 
racemic compounds and racemic mixtures and other mix 
tures of stereoisomers thereof. 

Pharmaceutically acceptable salts of the compounds of 
Formula I include the acid addition and base salts thereof. 

Suitable acid addition salts are formed from acids Which 
form non-toxic salts. Examples include, but are not limited 
to, the acetate, adipate, aspartate, benZoate, besylate, bicar 
bonate/carbonate, bisulphate/sulphate, borate, camsylate, 
citrate, cyclamate, edisylate, esylate, formate, fumarate, 
gluceptate, gluconate, glucuronate, hexa?uorophosphate, 
hibenZate, hydrochloride/chloride, hydrobromide/bromide, 
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6 
hydroiodide/iodide, isethionate, lactate, malate, maleate, 
malonate, mandelates mesylate, methylsulphate, naphthy 
late, 2-napsylate, nicotinate, nitrate, orotate, oxalate, palmi 
tate, pamoate, phosphate/hydrogen phosphate/dihydrogen 
phosphate, pyroglutamate, salicylate, saccharate, stearate, 
succinate, sulfonate, stannate, tartrate, tosylate, tri?uoroac 
etate and xinofoate salts. 

Suitable base salts are formed from bases Which form 
non-toxic salts. Examples include, but are not limited to, the 
aluminium, arginine, benZathine, calcium, choline, diethy 
lamine, diolamine, glycine, lysine, magnesium, meglumine, 
olamine, potassium, sodium, tromethamine and Zinc salts. 

Hemisalts of acids and bases may also be formed, for 
example, hemisulphate and hemicalcium salts. 

For a revieW on suitable salts, see Handbook of Pharma 
ceutical Salts: Properties, Selection, and Use by Stahl and 
Wermuth (Wiley-VCH, 2002). 

Pharmaceutically acceptable salts of compounds of For 
mula I may be prepared by one or more of three methods: 

(i) by reacting the compound of Formula I With the 
desired acid or base; 

(ii) by removing an acid- or base-labile protecting group 
from a suitable precursor of the compound of Formula I or 
by ring-opening a suitable cyclic precursor, for example, a 
lactone or lactam, using the desired acid or base; or 

(iii) by converting one salt of the compound of Formula 
I to another by reaction With an appropriate acid or base or 
by means of a suitable ion exchange column. 

All three reactions are typically carried out in solution. 
The resulting salt may precipitate out and be collected by 
?ltration or may be recovered by evaporation of the solvent. 
The degree of ionization in the resulting salt may vary from 
completely ionised to almost non-ionised. 
The compounds of the invention may exist in a continuum 

of solid states ranging from fully amorphous to fully crys 
talline. The term ‘amorphous’ refers to a state in Which the 
material lacks long range order at the molecular level and, 
depending upon temperature, may exhibit the physical prop 
er‘ties of a solid or a liquid. Typically such materials do not 
give distinctive X-ray diffraction patterns and, While exhib 
iting the properties of a solid, are more formally described 
as a liquid. Upon heating, a change from solid to liquid 
properties occurs Which is characterised by a change of state, 
typically second order (‘glass transition’). The term ‘crys 
talline’ refers to a solid phase in Which the material has a 
regular ordered internal structure at the molecular level and 
gives a distinctive X-ray diffraction pattern With de?ned 
peaks. Such materials When heated su?‘iciently Will also 
exhibit the properties of a liquid, but the change from solid 
to liquid is characterised by a phase change, typically ?rst 
order (‘melting point’). 
The compounds of the invention may also exist in unsol 

vated and solvated forms. The term ‘solvate’ is used herein 
to describe a molecular complex comprising the compound 
of the invention and one or more pharmaceutically accept 
able solvent molecules, for example, ethanol. The term 
‘hydrate’ is employed When said solvent is Water. 
A currently accepted classi?cation system for organic 

hydrates is one that de?nes isolated site, channel, or metal 
ion coordinated hydratesisee Polymorphism in Pharma 
ceutical Solids by K. R. Morris (Ed. H. G. Brittain, Marcel 
Dekker, 1995). Isolated site hydrates are ones in Which the 
Water molecules are isolated from direct contact With each 
other by intervening organic molecules. In channel hydrates, 
the Water molecules lie in lattice channels Where they are 
next to other Water molecules. In metal-ion coordinated 
hydrates, the Water molecules are bonded to the metal ion. 
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When the solvent or Water is tightly bound, the complex 
Will have a Well-de?ned stoichiometry independent of 
humidity. When, however, the solvent or Water is Weakly 
bound, as in channel solvates and hygroscopic compounds, 
the Water/ solvent content Will be dependent on humidity and 
drying conditions. In such cases, non-stoichiometry Will be 
the norm. 

The compounds of the invention may also exist in a 
mesomorphic state (mesophase or liquid crystal) When sub 
jected to suitable conditions. The mesomorphic state is 
intermediate betWeen the true crystalline state and the true 
liquid state (either melt or solution). Mesomorphism arising 
as the result of a change in temperature is described as 
‘thermotropic’ and that resulting from the addition of a 
second component, such as Water or another solvent, is 
described as ‘lyotropic’. Compounds that have the potential 
to form lyotropic mesophases are described as ‘amphiphilic’ 
and consist of molecules Which possess an ionic (such as 

iCOO_Na+, iCOO_K+, or iSO3_Na+) or non-ionic 
(such as iN_N+(CH3)3) polar head group. For more infor 
mation, see Crystals and the Polarizing Microscope by N. H. 
Hartshome and A. Stuart, 4”’ Edition (EdWard Arnold, 
1970). 

Hereinafter all references to compounds of Formula I 
include references to salts, solvates, multi-component com 
plexes and liquid crystals thereof and to solvates, multi 
component complexes and liquid crystals of salts thereof. 

The compounds of the invention include compounds of 
Formula I as hereinbefore de?ned, including all polymorphs 
and crystal habits thereof, prodrugs and isomers thereof 
(including optical, geometric and tautomeric isomers) as 
hereinafter de?ned and isotopically-labeled compounds of 
Formula I. 

As appreciated by the artisan, the use of Formula I is a 
convenience, and the invention is understood to envision 
and embrace each and every species thereunder as though 
individually identi?ed and set forth herein. Thus, the present 
invention contemplates each species separately and any and 
all combinations and permutations of species falling Within 
Formula I. 

The foregoing groups, as derived from the compounds 
listed above, may be C-attached or N-attached Where such is 
possible. For instance, a group derived from pyrrole may be 
pyrrol-l-yl (N-attached) or pyrrol-3-yl (C-attached). The 
terms referring to the groups also encompass all possible 
tautomers. 

In one aspect, Z is a bond. 

In another aspect, Z is methylene. 
In another aspect, R2 is hydrogen and R3 is independently 

selected from the group consisting of iH, a straight or 
branched C l-C6 alkyl, C2-C6 alkenyl, C2-C6 alkynyl, C6-Cl4 
aryl and (5-14 membered) heteroaryl. 

In another aspect, X is S. 

In another aspect, 
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In another aspect, 

N 

AI: 

R6 

In another aspect, R6 is iH, iF, 4C1, 4CN, iCHO, 
a straight or branched Cl-Cl0 alkyl, C2-Cl0 alkenyl, C2-Cl0 
alkynyl, (CO-C6 alkylene)-(C3-Cl2 cycloalkyl), (CO-C6 alky 
lene)-(C3-Cl2 heterocycloalkyl), (CO-C6 alkylene)-(C6-Cl4 
aryl), or (CO-C6 alkylene)-(5-l4 membered heteroaryl), 
Wherein said alkyl, alkenyl, alkynyl, alkylene, cycloalkyl 
and heteroalkyl are each optionally substituted With one or 
more (CO-C6 alkylene)-R7; and Wherein said aryl and het 
eroaryl are each optionally substituted With one or more R7. 

In another aspect, R5 is independently selected from the 
group consisting of: iH, iF, 4C1, iBr, iCN, iCHO, 
iNOz, %(=O)NR9RIO, %(=O)ORIO, iNRgRlo, 
iNR9C(=O)RlO, iNR9C(=O)ORlO, and NR9C(=O) 
NR9Rr0; 

or R5 is straight or branched C l-C2O alkyl, C2-C2O alkenyl, 
C2-C2O alkynyl, (CO-C6 alkylene)-(C3-Cl2 cycloalkyl), or 
(CO-C6 alkylene)-(C3-Cl2 heterocycloalkyl), Wherein said 
alkyl, alkenyl, alkynyl, alkylene, cycloalkyl and heteroalkyl 
are each optionally substituted With one or more (CO-C6 
alkylene)-R7; 

or R5 is (CO-C6 alkylene)-(C6-Cl4 aryl), or (CO-C6 alky 
lene)-(5-l4 membered heteroaryl), Wherein said aryl and 
heteroaryl are each optionally substituted With one or more 
R7 and Wherein said alkylene is optionally substituted With 
one or more (CO-C6 alkylene)-R8. 

In another aspect, R5 and R6 are attached to the adjacent 
carbon atoms of the thiaZole ring and taken together to form 
a (4-8 membered) cycloalkyl, (4-8 membered) heterocy 
cloalkyl, or C6-Cl0 aryl Wherein said cycloalkyl and het 
eroalkyl are each substituted With one or more (CO-C6 
alkylene)-R8, (CO-C6 all<ylene)-(C6-Cl4 aryl), and (CO-C6 
alkylene)-(5-l4 membered heteroaryl), and Wherein said 
aryl and heteroaryl are each optionally substituted With one 
or more R7. 

In another aspect, R2 is hydrogen and R3 is methyl. 
In another aspect, R6 is H, iF, iCN, or iCl-C4 alkyl. 
Speci?c embodiments of the present invention include the 

folloWing compounds of Formula I, all pharmaceutically 
acceptable salts thereof, complexes thereof, and derivatives 
thereof that convert into a pharmaceutically active com 

pound upon administration: 3-(2-{l-[(4-Chloro-benZene 
sulfonyl)-(2,5 -di?uoro -phenyl)-amino] -ethyl} -thiaZol-5 - 
yl)-propionic acidmethyl ester; 

3 -(2-{ l -[(4 -Chloro-benZenesulfonyl)-(2,5 -di?uoro -phe 
nyl)-amino]-ethyl}-thiaZol-5-yl)-propionic acid; 

4-Chloro-N-(2,5 -di?uoro -phenyl)-N-{ l -[5 -(3 -morpho 
lin-4-yl-3-oxo-propyl)-thiaZol-2-yl]-ethyl}-benZenesulfona 
mide; 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-(l-{5-[3-(4-hy 
droxy-piperidin-l -yl)-3 -oxo -propyl] -thiaZol-2 -yl} -ethyl) 
benZenesulfonamide; 

l- [3 -(2-{ l - [(4 -Chloro -benZenesulfonyl)-(2,5 -di?uoro 
phenyl)-amino] -ethyl} -thiaZol-5-yl)-propionyl] -piperidine 
3-carboxylic acid diethylamide; 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-(l-{5-[3-oxo-3-(4 
phenethyl-piperaZin- l -yl)-propyl] -thiaZol-2-yl} -ethyl) -ben 
Zenesulfonamide; 
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5-{1-[(4-Chloro-benZenesulfonyl)-(2,5 -di?uoro -phenyl) 
amino]-ethyl}-thiaZole-2-carboxylic acid amide; 

3-(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro-phe 
nyl)-amino] -ethyl} -thiaZol-2-yl) -propionamide; 

3-(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro-phe 
nyl)-amino] -ethyl} -thiaZol-2-yl) -N-methyl-propionamide; 

4-Chloro -N- (2,5 -di?uoro-phenyl)-N-{1-[2-(4-hydroxy 
piperidin-1-ylmethyl)-thiaZol-5 -yl] -ethyl} -benZenesulfona 
mide; 

1-(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro-phe 
nyl)-amino] -ethyl} -thiaZol-2 -ylmethyl) -piperidine-3 -car 
boxylic acid amide; and 

4-Chloro -N- (2,5 -di?uoro-phenyl)-N-[1-(2-hydroxym 
ethyl-thiaZol-5-yl)-ethyl]-benZenesulfonamide; 

and pharmaceutical accepted salts thereof. 
As indicated, so-called ‘prodrugs’ of the compounds of 

Formula I are also Within the scope of the invention. Thus 
certain derivatives of compounds of Formula 1 Which may 
have little or no pharmacological activity themselves can, 
When administered into or onto the body, be converted into 
compounds of Formula I having the desired activity, for 
example, by hydrolytic cleavage. Such derivatives are 
referred to as ‘prodrugs’. Further information on the use of 
prodrugs may be found in Pro-drugs as Novel Delivery 
Systems, Vol. 14, ACS Symposium Series (T. Higuchi and 
W. Stella) and Bioreversible Carriers in Drug Design, Per 
gamon Press, 1987 (Ed. E. B. Roche, American Pharmaceu 
tical Association). 

Prodrugs in accordance With the invention can, for 
example, be produced by replacing appropriate functional 
ities present in the compounds of Formula I With certain 
moieties known to those skilled in the art as ‘pro-moieties’ 
as described, for example, in Design of Prodrugs by H. 
Bundgaard (Elsevier, 1985). 
Some examples of prodrugs in accordance With the inven 

tion include, but are not limited to, 
(i) Where the compound of Formula 1 contains a carboxy 

lic acid functionality (iCOOH), an ester thereof, for 
example, a compound Wherein the hydrogen of the carboxy 
lic acid functionality of the compound of Formula (I) is 
replaced by (Cl-C8)alkyl; 

(ii) Where the compound of Formula 1 contains an alcohol 
functionality (iOH), an ether thereof, for example, a com 
pound Wherein the hydrogen of the alcohol functionality of 
the compound of Formula I is replaced by (Cl-C6)alkanoy 
loxymethyl; and 

(iii) Where the compound of Formula 1 contains a primary 
or secondary amino functionality (iNH2 or iNHR Where 
R#H), an amide thereof, for example, a compound Wherein, 
as the case may be, one or both hydrogens of the amino 
functionality of the compound of Formula I is/are replaced 
by (Cl-Clo)alkanoyl. 

Further examples of replacement groups in accordance 
With the foregoing examples and examples of other prodrug 
types may be found in the aforementioned references. 

Moreover, certain compounds of Formula I may them 
selves act as prodrugs of other compounds of Formula I. 

Also included Within the scope of the invention are 
metabolites of compounds of Formula I, that is, compounds 
formed in vivo upon administration of the drug. Some 
examples of metabolites in accordance With the invention 
include, but are not limited to, 

(i) Where the compound of Formula 1 contains a methyl 
group, an hydroxymethyl derivative thereof (4CH3->i 
CH2OH): 

(ii) Where the compound of Formula 1 contains an alkoxy 
group, an hydroxy derivative thereof (4OR->iOH); 
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12 
(iii) Where the compound of Formula 1 contains a tertiary 

amino 1 group, a secondary amino derivative thereof 

(iNR R2->iNHRl or iNHRZ); 
(iv) Where the compound of Formula 1 contains a sec 

ondary amino group, a primary derivative thereof (iNHRl 
>iNHz); 

(v) Where the compound of Formula 1 contains a phenyl 
moiety, a phenol derivative thereof (iPh->iPhOH); and 

(vi) Where the compound of Formula 1 contains an amide 
group, a carboxylic acid derivative thereof (4CONH2 
>COOH). 
Compounds of Formula 1 containing one or more asym 

metric carbon atoms can exist as tWo or more stereoisomers. 

Where a compound of Formula 1 contains an alkenyl or 
alkenylene group, geometric cis/trans (or Z/E) isomers are 
possible. Where structural isomers are interconvertible via a 
loW energy barrier, tautomeric isomerism (‘tautomerism’) 
can occur. This can take the form of proton tautomerism in 
compounds of Formula 1 containing, for example, an imino, 
keto, or oxime group, or so-called valence tautomerism in 
compounds Which contain an aromatic moiety. It folloWs 
that a single compound may exhibit more than one type of 
isomerism. 

Included Within the scope of the present invention are all 
stereoisomers, geometric isomers and tautomeric forms of 
the compounds of Formula 1, including compounds exhib 
iting more than one type of isomerism, and mixtures of one 
or more thereof. Also included are acid addition or base salts 

Wherein the counterion is optically active, for example, 
d-lactate or l-lysine, or racemic, for example, dl-tartrate or 
dl-arginine. 

Cis/trans isomers may be separated by conventional tech 
niques Well knoWn to those skilled in the art, for example, 
chromatography and fractional crystallisation. 

Conventional techniques for the preparation/isolation of 
individual enantiomers include chiral synthesis from a suit 
able optically pure precursor or resolution of the racemate 
(or the racemate of a salt or derivative) using, for example, 
chiral high pressure liquid chromatography (HPLC). 

Alternatively, the racemate (or a racemic precursor) may 
be reacted With a suitable optically active compound, for 
example, an alcohol, or, in the case Where the compound of 
Formula 1 contains an acidic or basic moiety, a base or acid 
such as 1-phenylethylamine or tartaric acid. The resulting 
diastereomeric mixture may be separated by chromatogra 
phy and/or fractional crystallization and one or both of the 
diastereoisomers converted to the corresponding pure enan 
tiomer(s) by means Well knoWn to a skilled person. 

Chiral compounds of the invention (and chiral precursors 
thereof) may be obtained in enantiomerically-enriched form 
using chromatography, typically HPLC, on an asymmetric 
resin With a mobile phase consisting of a hydrocarbon, 
typically heptane or hexane, containing from 0 to 50% by 
volume of isopropanol, typically from 2% to 20%, and from 
0 to 5% by volume of an alkylamine, typically 0.1% 
diethylamine. Concentration of the eluate affords the 
enriched mixture. 
When any racemate crystallises, crystals of tWo different 

types are possible. The ?rst type is the racemic compound 
(true racemate) referred to above Wherein one homogeneous 
form of crystal is produced containing both enantiomers in 
equimolar amounts. The second type is the racemic mixture 
or conglomerate Wherein tWo forms of crystal are produced 
in equimolar amounts each comprising a single enantiomer. 

While both of the crystal forms present in a racemic 
mixture have identical physical properties, they may have 
different physical properties compared to the true racemate. 
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Racemic mixtures may be separated by conventional tech 
niques known to those skilled in the artisee, for example, 
Stereochemistry of Organic Compounds by E. L. Eliel and 
S. H. Wilen (Wiley, 1994). 
The present invention includes all pharmaceutically 

acceptable isotopically-labelled compounds of Formula I 
Wherein one or more atoms are replaced by atoms having the 
same atomic number, but an atomic mass or mass number 
different from the atomic mass or mass number Which 
predominates in nature. 

Examples of isotopes suitable for inclusion in the com 
pounds of the invention include, but are not limited to, 
isotopes of hydrogen, such as 2H and 3H, carbon, such as 
11C, 13C and 14C, chlorine, such as 36Cl, ?uorine, such as 
18F, iodine, such as 123I and 125I, nitrogen, such as 13N and 
15N, oxygen, such as 15O, 17O and 18O, phosphorus, such as 
32P, and sulphur, such as 35S. 

Certain isotopically-labelled compounds of Formula I, for 
example, those incorporating a radioactive isotope, are use 
ful in drug and/or substrate tissue distribution studies. The 
radioactive isotopes tritium, i.e. 3H, and carbon-l4, i.e. 14C, 
are particularly useful for this purpose in vieW of their ease 
of incorporation and ready means of detection. 

Substitution With heavier isotopes such as deuterium, i.e. 
2H, may a?ford certain therapeutic advantages resulting from 
greater metabolic stability, for example, increased in vivo 
half-life or reduced dosage requirements, and hence may be 
preferred in some circumstances. 

Substitution With positron emitting isotopes, such as 11C, 
18F, 15O and 13N, can be useful in Positron Emission 
Topography (PET) studies for examining substrate receptor 
occupancy. 

Isotopically-labeled compounds of Formula I can gener 
ally be prepared by conventional techniques knoWn to those 
skilled in the art or by processes analogous to those 
described in the accompanying Examples and Preparations 
using an appropriate isotopically-labeled reagent in place of 
the non-labeled reagent previously employed. 

Pharmaceutically acceptable solvates in accordance With 
the invention include those Wherein the solvent of crystal 
liZation may be isotopically substituted, e.g. D20, d6-ac 
etone, d6-DMSO. 

Also Within the scope of the invention are intermediate 
compounds of Formula II as hereinbefore de?ned, all salts, 
solvates and complexes thereof and all solvates and com 
plexes of salts thereof as de?ned hereinbefore for com 
pounds of Formula I. The invention includes all polymorphs 
of the aforementioned species and crystal habits thereof. 
When preparing compounds of Formula I in accordance 

With the invention, it is open to a person skilled in the art to 
routinely select the form of compound of Formula II Which 
provides the best combination of features for this purpose. 
Such features include, but are not limited to, the melting 
point, solubility, processability and yield of the intermediate 
form and the resulting ease With Which the product may be 
puri?ed on isolation. 

Compounds of the Formula I of this invention, and their 
pharmaceutically acceptable salts, have useful pharmaceu 
tical and medicinal properties. The compounds of Formula 
I, and their pharmaceutically acceptable salts inhibit the 
production of AB-peptide (thus, gamma-secretase activity) 
in mammals, including humans. Compounds of the Formula 
I, and their pharmaceutically acceptable salts, are therefore 
able to function as therapeutic agents in the treatment of the 
neurodegenerative and/or neurological disorders and dis 
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14 
eases representatively enumerated beloW, for example 
AlZheimer’s disease, in an a?licted mammal, including a 
human. 

The present invention also relates to a pharmaceutical 
composition for treating a disease or condition in a mammal 
selected from the group consisting of AlZheimer’s disease, 
hereditary cerebral hemorrhage With amyloidosis, cerebral 
amyloid angiopathy, a prion-mediated disease, inclusion 
body mypsitis, stroke, multiple sclerosis and DoWn’s Syn 
drome including a human, comprising an amount of a 
compound of the Formula I, or a pharmaceutically accept 
able salt thereof, that is effective in inhibiting AB-peptide 
production, and a pharmaceutically acceptable carrier. 

The present invention also relates to a pharmaceutical 
composition for treating a disease or condition in a mammal 
selected from the group consisting of AlZheimer’s disease 
and DoWn’s Syndrome, including a human, comprising an 
amount of a compound of the Formula I, or a pharmaceu 
tically acceptable salt thereof, that is effective in inhibiting 
AB-peptide production, and a pharmaceutically acceptable 
carrier. 
The present invention also relates to a pharmaceutical 

composition for treating a disease or a condition in a 
mammal selected from the group consisting of AlZheimer’s 
disease, hereditary cerebral hemorrhage With amyloidosis, 
cerebral amyloid angiopathy, a prion-mediated disease, 
inclusion body myositis, stroke, multiple sclerosis and 
DoWn’s Syndrome, including a human, comprising an 
amount of a compound of the Formula I, or a pharmaceu 
tically acceptable salt thereof, that is effective in treating 
such disease or condition, and a pharmaceutically acceptable 
carrier. 
The present invention also relates to a pharmaceutical 

composition for treating a disease or a condition in a 
mammal selected from the group consisting of AlZheimer’s 
disease and DoWn’s Syndrome, including a human, com 
prising an amount of a compound of the Formula I, or a 
pharmaceutically acceptable salt thereof, that is effective in 
treating such disease or condition, and a pharmaceutically 
acceptable carrier. 
The present invention also relates to a method of treating 

a disease or condition in a mammal selected from Alzhe 
imer’s disease, hereditary cerebral hemorrhage With amy 
loidosis, cerebral amyloid angiopathy, a prion-mediated 
disease, inclusion body myositis, stroke, multiple sclerosis 
and DoWn’s Syndrome, including a human, comprising 
administering to said mammal an amount of a compound of 
the Formula I, or a pharmaceutically acceptable salt thereof, 
that is effective in inhibiting AB-production. 
The present invention also relates to a method of treating 

a disease or condition in a mammal selected from Alzhe 
imer’s disease and DoWn’s Syndrome, including a human, 
comprising administering to said mammal an amount of a 
compound of the Formula I, or a pharmaceutically accept 
able salt thereof, that is effective in inhibiting AB-produc 
tion. 
The present invention also relates to a method of treating 

a disease or condition in a mammal selected from Alzhe 
imer’s disease, hereditary cerebral hemorrhage With amy 
loidosis, cerebral amyloid angiopathy, a prion-mediated 
disease, inclusion body myositis, stroke, multiple sclerosis 
and DoWn’s Syndrome, including a human, comprising 
administering to said mammal an amount of a compound of 
the Formula I, or a pharmaceutically acceptable salt thereof, 
that is effective in treating such condition. 
The present invention also relates to a method of treating 

a disease or condition in a mammal, selected from Alzhe 
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imer’s disease and DoWn’s Syndrome, including a human, 
comprising administering to said mammal an amount of a 
compound of the Formula I, or a pharmaceutically accept 
able salt thereof, that is effective in treating such condition. 

The compounds of Formula I may be used alone or used 
in combination With any other drug, including, but not 
limited to, any memory enhancement agent, e.g., AriceptTM 
and/or NamendaTM, antidepressant agent, e.g., ZoloftTM, 
anxiolytic, antipsychotic agent, e.g., GeodonTM, sleep dis 
order agent, anti-in?ammatory agent e.g., CelebrexTM, Bex 
traTM, etc., anti-oxidant agent, cholesterol modulating agent 
(for example, an agent that loWers LDL or increases HDL), 
e.g., LipitorTM and anti-hypertension agent. Accordingly, the 
present invention also relates to the folloWing pharmaceu 
tical compositions and methods of treatment comprising a 
compound of the Formula I in combination With other drugs, 
such as those of the type described above. 

The present invention also relates to a pharmaceutical 
composition for treating a disease or condition in a mammal 
associated With AB-peptide production, including a human, 
comprising (a) a compound of the Formula I, or a pharma 
ceutically acceptable salt thereof; (b) a memory enhance 
ment agent, e.g., AriceptTM and/ or NamendaTM, antidepres 
sant, e.g., ZoloftTM, anxiolytic, antipsychotic agent, e.g., 
GeodonTM, sleep disorder agent, anti-in?ammatory agent, 
e.g., CelebrexTM, BextraTM, etc., anti-oxidant agent, choles 
terol modulating agent (for example, an agent that loWers 
LDL or increases HDL), e.g., LipitorTM and anti-hyperten 
sive agent; and (c) a pharmaceutically acceptable carrier; 
Wherein the active agents (a) and (b) are present in amounts 
that render the composition effective in treating such disease 
or condition. 

The present invention also relates to a pharmaceutical 
composition for treating a disease or condition in a mammal 
selected from the group consisting of AlZheimer’s disease, 
hereditary cerebral hemorrhage With amyloidosis, cerebral 
amyloid angiopathy, a prion-mediated disease, inclusion 
body myositis, stroke, multiple sclerosis and DoWn’s Syn 
drome, including a human, comprising (a) a compound of 
the Formula I, or a pharmaceutically acceptable salt thereof; 
(b) a memory enhancement agent, e.g., AriceptTM and/or 
NamendaTM, antidepressant, e.g., ZoloftTM, anxiolytic, 
antipsychotic agent, e.g., GeodonTM, sleep disorder agent, 
anti-in?ammatory agent, e.g., CelebrexTM, BextraTM, etc., 
anti-oxidant agent, cholesterol modulating agent (for 
example, an agent that loWers LDL or increases HDL), e.g., 
LipitorTM and anti-hypertensive agent; and (c) a pharmaceu 
tically acceptable carrier; Wherein the active agents (a) and 
(b) are present in amounts that render the composition 
effective in treating such disease or condition. 

The present invention also relates to a pharmaceutical 
composition for treating a disease or condition in a mammal 
selected from the group consisting of AlZheimer’s disease 
and DoWn’s Syndrome, in a mammal, including a human, 
comprising (a) a compound of the Formula I, or a pharma 
ceutically acceptable salt thereof; (b) a memory enhance 
ment agent, e.g., AriceptTM and/ or NamendaTM, antidepres 
sant, e.g., ZoloftTM, anxiolytic, antipsychotic agent, e.g., 
GeodonTM, sleep disorder agent, anti-in?ammatory agent, 
e.g., CelebrexTM, BextraTM, etc., anti-oxidant agent, choles 
terol modulating agent (for example, an agent that loWers 
LDL or increases HDL), e.g., LipitorTM and anti-hyperten 
sive agent; and (c) a pharmaceutically acceptable carrier; 
Wherein the active agents (a) and (b) are present in amounts 
that render the composition effective in treating such disease 
or condition. 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
The present invention also relates to a method of treating 

a disease or condition in a mammal associated With AB-pep 
tide production, including a human, comprising administer 
ing to said mammal (a) a compound of the Formula I, or a 
pharmaceutically acceptable salt thereof; and (b) a memory 
enhancement agent, e. g., AriceptTM and/ or NamendaTM, anti 
depressant, e.g., ZoloftTM, anxiolytic, antipsychotic agent, 
e.g., GeodonTM, sleep disorder agent, anti-in?ammatory 
agent, e.g., CelebrexTM, BextraTM, etc., anti-oxidant agent, 
cholesterol modulating agent (for example, an agent that 
loWers LDL or increases HDL), e.g., LipitorTM and anti 
hypertensive agent; Wherein the active agents (a) and (b) are 
present in amounts that render the composition effective in 
treating such disease or condition. 
The present invention also relates to a method of treating 

a disease or condition in a mammal selected from the group 
consisting of AlZheimer’s disease, hereditary cerebral hem 
orrhage With amyloidosis, cerebral amyloid angiopathy, a 
prion-mediated disease, inclusion body myositis, stroke, 
multiple sclerosis and DoWn’s Syndrome, including a 
human, comprising administering to said mammal (a) a 
compound of the Formula I, or a pharmaceutically accept 
able salt thereof; and (b) a memory enhancement agent, e. g., 
AriceptTM and/ or NamendaTM, antidepressant, e. g., ZoloftTM, 
anxiolytic, antipsychotic agent, e.g., GeodonTM, sleep dis 
order agent, anti-in?ammatory agent, e.g., CelebrexTM, Bex 
traTM, etc., anti-oxidant agent, cholesterol modulating agent 
(for example, an agent that loWers LDL or increases HDL), 
e.g., LipitorTM and anti-hypertensive agent; Wherein the 
active agents (a) and (b) are present in amounts that render 
the composition effective in treating such disease or condi 
tion. 
The present invention also relates to a method of treating 

a disease or condition in a mammal selected from the group 
consisting of AlZheimer’s disease and DoWn’s Syndrome, 
including a human, comprising administering to said mam 
mal (a) a compound of the Formula I, or a pharmaceutically 
acceptable salt thereof; and (b) a memory enhancement 
agent, e.g., AriceptTM and/or NamendaTM, antidepressant, 
e.g., ZoloftTM, anxiolytic, antipsychotic agent, e.g., 
GeodonTM, sleep disorder agent, anti-in?ammatory agent, 
e.g., CelebrexTM, BextraTM, etc., anti-oxidant agent, choles 
terol modulating agent (for example, an agent that loWers 
LDL or increases HDL), e.g., LipitorTM and anti-hyperten 
sive agent; Wherein the active agents (a) and (b) are present 
in amounts that render the composition effective in treating 
such disease or condition. 
Compounds of the Formula I, or any of the combinations 

described in the immediately preceding paragraphs, may 
optionally be used in conjunction With a knoWn P-glyco 
protein inhibitor, such as verapamil. 

References herein to diseases and conditions “associated 
With AB-peptide production” relate to diseases or conditions 
that are caused, at least in part, by AB-peptide and/or the 
production thereof. Thus, AB-peptide is a contributing fac 
tor, but not necessarily the only contributing factor, to “a 
disease or condition associated With AB-peptide produc 
tion.” 
The compounds of Formula I, or their pharmaceutically 

acceptable salts may also be used to modulate or inhibit the 
Notch signaling pathWay in organisms, including humans. 
The Notch signaling pathWay is an evolutionarily conserved 
mechanism utiliZed by organisms, ranging from Worms 
through humans, to regulate fate determination of various 
cell lineages. Notch belongs to the family of epidermal 
groWth factor-like homeotic genes, Which encode transmem 
brane proteins With variable numbers of epidermal groWth 
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factor-like repeats in the extracellular domain. There is 
increasing evidence for a role of the Notch pathWay in 
human disease. All of the components of the pathWay have 
yet to be identi?ed, but among those identi?ed to date, 
mutations that affect their interaction With each other can 
lead to a variety of syndromes and pathological conditions. 

For example, Notch signaling is typically associated With 
cell fate decision. The ?nding that Notch activation stimu 
lates capillary outgroWth suggests that Notch receptors must 
be activated to alloW this process to occur. Therefore, Notch 
modulation provides a method for regulating angiogenesis. 
Speci?cally, modulation of Notch signaling can be used to 
modulate angiogenesis (e.g., by blocking Notch signaling to 
block angiogenesis). This inhibition of angiogenesis in vivo 
can be used as a therapeutic means to treat a variety of 
diseases, including but not limited to cancer, diabetic retin 
opathy, rheumatoid arthritis, psoriasis, in?ammatory boWel 
disease and arteriosclerosis. 

The Notch pathWay is also implicated in the development 
and maturation of T cells, as described in Radtke, F. et al., 
Immunity 10:547-558, 1999. The compounds of Formula I, 
and their pharmaceutically acceptable salts are therefore 
useful candidates for modulating the immune system, 
including the treatment of in?ammation, asthma, graft rej ec 
tion, graft versus host disease, autoimmune disease and 
transplant rejection. 

In addition, a number of studies published betWeen 2002 
and 2004 have provided convincing evidence that Notch 
signaling is frequently elevated in a variety of human tumors 
(including, but not limited to breast, prostate, pancreas and 
T-cell acute lymphoblastic leukemia). One key study pro 
vides a strong genetic link to Notch’s role in important 
tumor types. Speci?cally, WeijZen et al. demonstrated that 
Notch signaling maintains the neoplastic phenotype in 
human Ras-transformed cells. WeijZen et al. (2002) Nature 
Med 8: 979. Because 30% of human malignancies may carry 
activating mutations in at least one of the three isoforms of 
Ras, this ?nding raises the possibility that Notch inhibitors 
Would be a poWerful addition to anti-cancer therapy. Another 
study’s ?ndings support a central role for aberrant Notch 
signaling in the pathogenesis of human T cell acute lym 
phoblastic leukemia/ lymphoma. Pear et al., Current Opinion 
in Hematology (2004), 11(6), 426-433. 

Accordingly, the compounds of Formula I, and their 
pharmaceutically acceptable salts, may be used for treating 
a disease or condition selected from the group consisting of 
cancer, arteriosclerosis, diabetic retinopathy, rheumatoid 
arthritis, psoriasis, in?ammatory boWel disease in?amma 
tion, asthma, graft rejection, graft versus host disease, 
autoimmune disease and transplant rejection. 
As used herein, the term “treating” refers to reversing, 

alleviating or inhibiting the progress of a disease, disorder or 
condition, or one or more symptoms of such disease, dis 
order or condition, to Which such term applies. As used 
herein, “treating” may also refer to decreasing the probabil 
ity or incidence of the occurrence of a disease, disorder or 
condition in a mammal as compared to an untreated control 
population, or as compared to the same mammal prior to 
treatment. For example, as used herein, “treating” may refer 
to preventing a disease, disorder or condition, and may 
include delaying or preventing the onset of a disease, 
disorder or condition, or delaying or preventing the symp 
toms associated With a disease, disorder or condition. As 
used herein, “treating” may also refer to reducing the 
severity of a disease, disorder or condition or symptoms 
associated With such disease, disorder or condition prior to 
a mammal’s a?liction With the disease, disorder or condi 
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18 
tion. Such prevention or reduction of the severity of a 
disease, disorder or condition prior to a?liction relates to the 
administration of the composition of the present invention, 
as described herein, to a subject that is not at the time of 
administration al?icted With the disease, disorder or condi 
tion. As used herein “treating” may also refer to preventing 
the recurrence of a disease, disorder or condition or of one 

or more symptoms associated With such disease, disorder or 
condition. The terms “treatment” and “therapeutically,” as 
used herein, refer to the act of treating, as “treating” is 
de?ned above. 

Compounds of the Formula I, and their pharmaceutically 
acceptable salts, may be prepared as described in the fol 
loWing reaction Schemes and discussion. Unless otherWise 
indicated, as referred to in the reaction schemes and discus 
sion that folloW, Rl to R13, X, A and Z are as de?ned above. 

The compounds of Formula I may have asymmetric 
carbon atoms and may therefore exist as racemic mixtures, 
diastereoisomers, or as individual optical isomers. 

Separation of a mixture of isomers of compounds of 
Formula I into single isomers may be accomplished accord 
ing to conventional methods knoWn in the art. 

The compounds of the Formula I may be prepared by the 
methods described beloW, together With synthetic methods 
knoWn in the art of organic chemistry, or modi?cations and 
derivatisations that are familiar to those of ordinary skill in 
the art. Preferred methods include, but are not limited to, 
those described beloW. 

The reactions described beloW are performed in solvents 
that are appropriate to the reagents and materials employed 
and that are suitable for use in the reactions described. In the 

description of the synthetic methods described beloW, it is 
also to be understood that all reaction conditions, Whether 
actual or proposed, including choice of solvent, reaction 
temperature, reaction duration time, reaction pressure, and 
other reaction conditions (such as anhydrous conditions, 
under argon, under nitrogen, etc.), and Work up procedures, 
are those conditions that are standard for that reaction, as 

Would be readily recogniZed by one of skill in the art. 
Alternate methods may also be used. 

Method I: 

Schemel: 
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-continued 

Compounds of Formula I (When R2 or R3 is hydrogen) can 
be prepared as illustrated in reaction scheme 1. Sulfonamide 
of formula IV can be prepared by treating commercially 
available or easily prepared amine II With a proper sulfo 
nylating reagent, such as sulfonyl chloride III in an aprotic 
solvent such as methylene chloride in the presence of base. 
Such bases include triethylamine, pyridine and preferably 
With catalytic amount of 4-dimethylamino pyridine 
(DMAP). Sulfonamide IV is then subject to Mitsunobu 
condensation With compounds of formula V and V' to yield 
compound of formula I. A representative Mitsunobu condi 
tion includes the use of triphenylphosphine, DEAD or DIAD 
in proper solvents such as THF or toluene. 

Scheme 2: 
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As shoWn in Scheme 2, When X is S, compounds of 

formula V and V' can be conveniently prepared by depro 

tonation of VI and VI' With strong bases, such as butyl 

lithium, sec-butyl lithium and tert-butyl lithium, at suitable 
temperature in proper solvents such as THF, folloWed by 

trapping the resultant anion With aldehyde VII (For a similar 

procedure in literature, see: BresloW; McNeils J. Am. Chem. 

Soc. 1959, 81, 3080; Berauld, J.; MetZger, J. Bull. Soc. 

Chim. Fr. 1962, 2072-2074; Noyce, D. S.; Fike, S. A. J. Org. 

Chem., 1973, 38, 3318.). Alternatively, the trapping can be 
carried out With trimethylsilyl substituted thiaZole VIII and 

VIII' using a ?uoride source, such as TBAF or cesium 

?uoride in an aprotic solvent such as THF or methylene 

chloride (for a similar procedure in literature, see: TourWe, 

D.; Piron. J.; Defreyn, P.; Binst, G. V. Tetrahedron Lett. 

1993,34. 5499). 
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HO 

Alternatively, compounds of formula V can be synthe 
siZed as shoWn in Scheme 3. Commercially available or 
easily prepared alpha-hydroxyl carboxylic acid With suitable 
hydroxyl protecting groups (for examples, see: Protecting 
Groups in Organic Synthesis by Greene, T. W. and Wuts, P. 
G. W., 1999, 3rd edition, John Wiley & Sons, Inc.) Was 
coupled With substituted alpha amino ketone or aldehyde IX 
via Well-known amide coupling procedure in the art, such as 
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carbodiimide, i.e. 1,3-dicycloheXylcarbodiimide (DCC), 
O-(l,2-dihydro-2-oXo-1-pyridyl)-N,N,N',N'-tetramethylu 
ronium tetra?uoroborate (TPTU), 1,3-diisopropylcarbodi 
imide, 1 -(3-dimethylaminopropyl)-3 -ethylcarbodiimide 
(EDAC or EDCl), 2-(1H-benZotriaZole-1-yl)-1,1,3,3-tet 
ramethyluronium tetra?uoroborate (TBTU), PyBOP (ben 
ZotriaZole-1 -yl) -oXy-tris-pyrrolidino -pho sphonium 
heXa?uorophosphate), N-cycloheXylcarbodiimide, or 
N'-methylpolystyrene in the presence or absence of l-hy 
droXy-benZotriaZole (HOBt), in a suitable solvent such as 
dichloromethane (CHZCIZ), chloroform (CHCl3), tetrahy 
drofuran (THF), diethyl ether (EtZO), 1,4-dioXane, acetoni 
trile (CH3CN), toluene, N,N-dimethylformamide (DMF).e. 
The resultant amide XI Was then treated With LaWesson’s 
reagent at elevated temperature in aprotic solvents such as 
toluene or benZene to form the heteroaryl ring Wherein X is 
S. (Scheibye, S.; Kristensen, 1.; LaWesson, S. O. Tetrahe 
dron, 1979, 35, 1339) or With phosphorus oXytrichloride 
(POCl3) at elevated temperature in an aprotic solvent such as 
toluene or benZene to form the heteroaryl ring Wherein X is 
0. Subsequent removal of protecting group using Well 
established procedures in the art (see: Protecting Groups in 
Organic Synthesis by Greene, T. W. and Wuts, P. G. W., 
1999, 3rd edition, John Wiley & Sons, Inc.) yields alpha 
hydroXyl thiaZole V. 
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-continued 
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An alternative synthesis of compounds of formula I is 
shoWn in Scheme 4. Alpha-amino heteroaryl XI' and XI", 
either commercially available or derived from alpha-hy 
droXyl heteroaryl V and V' folloWing Well-established lit 
erature procedures (see Comprehensive Organic Transfor 
mations, A Guide to Functional Group Preparations, Larock, 
R. C., 1989, VCH Publishers Inc, ISBN 0-89573-710-8, pp 
419-420): converting the hydroXyl group to a good leaving 
group such as mesylate, tosylate or tri?ate, then displaced 
With aZide (N3_) folloWing by reduction. XI' or XI" Was 
condensed With a proper sulfonylating reagent, such as 
sulfonyl chloride III on an aprotic solvent such as methylene 
chloride in the presence of a suitable base. Such bases 
include triethylamine, pyridine and preferably With a cata 
lytic amount of 4-dimethylamino pyridine (DMAP) to give 
sulfonamide XII and XII'. In one method for the conversion 
of sulfonamide XII and XII' to the compounds of formula I, 
XII or XII' Was treated With a suitable base such as potas 
sium carbonate, cesium carbonate or potassium t-butoXide 
and an alkylating agent such as alkyl bromide, alkyl iodide 
and alkyl mesylate in an aprotic solvent such as tetrahydro 
furan (THF) or dimethyl formamide (DMF) With or Without 
heating. An alternative method for the conversion of XII or 
XII' to compounds of formula I calls for a Mitsunobu 
condensation With R14OH. A representative Mitsunobu 
condition includes the use of triphenylphosphine, di-t-ethyl 
aZadicarboXylate (DEAD), di-isopropyl aZadicarboXylate 
(DIAD) or di-t-butyl aZadicarboXylate in a proper solvent 
such as THF or toluene. 

Method III 

Scheme 5: 
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R2 R3 

Rl\N X 
| | RS 
s / 

o%|\o 
R4 R6 

R2 R3 

R] 

\l X 
R5 ¢S\ I /> 

o | o 6 N 
R4 R 

In addition, compound of formula I can be synthesized by 
treating sulfonamide IV With XIII and XIII', Wherein L is a 
good leaving group such as I, Br, mesylate, tosylate or 
tri?ate, in the presence of a suitable base such as sodium 
hydride, potassium carbonate, cesium carbonate or potas 
sium t-butoxide in an aprotic solvent such as tetrahydrofuran 
(THF) or dimethyl formamide (DMF) With or Without 
heating. Compound of formula XIII and XIII' can be pre 
pared from alpha-hydroxyl heteroaryls of formula V and V' 
folloWing Well-established procedures in the art (Compre 
hensive Organic Transformations, A Guide to Functional 
Group Preparations, Larock, R. C., 1989, VCH Publishers 
Inc, ISBN 0-89573-710-8). 

The starting materials used in the procedures of the above 
Schemes, the syntheses of Which are not described above, 
are either commercially available, knoWn in the art or 
readily obtainable from knoWn compounds using methods 
that Will be apparent to those skilled in the art. 

The compounds of Formula I, and the intermediates 
shoWn in the above reaction schemes, may be isolated and 
puri?ed by conventional procedures, such as recrystalliza 
tion or chromatographic separation, such as on silica gel, 
either With an ethyl acetate/hexane elution gradient, a meth 
ylene chloride/methanol elution gradient, or a chloroform/ 
methanol elution gradient. Alternatively, a reverse phase 
preparative HPLC or chiral HPLC separation technique may 
be used. 

In each of the reactions discussed or illustrated above, 
pressure is not critical unless otherWise indicated. Pressures 
from about 0.5 atmospheres to about 5 atmospheres are 
generally acceptable, and ambient pressure, i.e., about 1 
atmosphere, is preferred as a matter of convenience. 

Pharmaceutically acceptable salts of the compounds of 
Formula I may be prepared in a conventional manner by 
treating a solution or suspension of the corresponding free 
base or acid With one chemical equivalent of a pharmaceu 
tically acceptable acid or base. Conventional concentration 
or crystallization techniques may be employed to isolate the 
salts. Suitable acids, include, but are not limited to, acetic, 
lactic, succinic, maleic, tartaric, citric, gluconic, ascorbic, 
benZoic, cinnamic, fumaric, sulfuric, phosphoric, hydro 
chloric, hydrobromic, hydroiodic, sulfamic, sulfonic acids 
such as methanesulfonic, benZene sulfonic, p-toluene 
sulfonic and related acids. Suitable bases include, but are not 
limited to, sodium, potassium and calcium. 
A compound of the Formula I of the present invention, or 

pharamaceutically acceptable salt thereof, may be adminis 
tered to mammals via either the oral, parenteral (such as 
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24 
subcutaneous, intravenous, intramuscular, intrasternal and 
infusion techniques), rectal, intranasal, topical or transder 
mal (e.g., through the use of a patch) routes. In general, these 
compounds are most desirably administered in doses rang 
ing from about 0.1 mg to about 1000 mg per day, in single 
or divided doses (i.e., from 1 to 4 doses per day), although 
variations Will necessarily occur depending upon the spe 
cies, Weight, age and condition of the subject being treated, 
as Well as the particular route of administration chosen. 
HoWever, a dosage level that is in the range of about 0.1 
mg/kg to about 5 gm/kg body Weight per day, preferably 
from about 0.1 mg/kg to about 100 mg/kg body Weight per 
day, is most desirably employed. Nevertheless, variations 
may occur depending upon the species of animal being 
treated and its individual response to said medicament, as 
Well as on the type of pharmaceutical formulation chosen 
and the time period and interval at Which such administra 
tion is carried out. In some instances, dosage levels beloW 
the loWer limit of the aforesaid range may be more than 
adequate, While in other cases still larger doses may be 
employed Without causing any harmful side effects, pro 
vided that such higher dosage levels are ?rst divided into 
several small doses for administration throughout the day. 
Variations based on the aforementioned dosage range may 
be made by a physician of ordinary skill. 
A compound of the Formula I of the present invention 

may be administered alone or in combination With pharma 
ceutically acceptable carriers or diluents by either of the 
routes previously indicated, and such administration may be 
carried out in single or multiple doses. Suitable pharmaceu 
tical carriers include solid diluents or ?llers, sterile aqueous 
media and various non-toxic organic solvents, etc. The 
pharmaceutical compositions formed by combining a com 
pound of the Formula I, or a pharmaceutically acceptable 
salt thereof, With a pharmaceutically acceptable inert carrier, 
can then be readily administered in a variety of dosage forms 
such as tablets, capsules, loZenges, troches, hard candies, 
poWders, sprays, creams, salves, suppositories, jellies, gels, 
pastes, lotions, ointments, aqueous suspensions, injectable 
solutions, elixirs, syrups, and the like. Moreover, oral phar 
maceutical compositions may be suitably sWeetened and/or 
?avored. 

For oral administration, tablets containing various excipi 
ents such as microcrystalline cellulose, sodium citrate, cal 
cium carbonate, dicalcium phosphate and glycine may be 
employed along With various disintegrants such as starch 
(preferably corn, potato or tapioca starch), methylcellulose, 
alginic acid and certain complex silicates, together With 
granulation binders such as polyvinylpyrrolidone, sucrose, 
gelatin and acacia. Additionally, lubricating agents such as 
magnesium stearate, sodium lauryl sulfate and talc are often 
useful for tabletting purposes. Solid compositions of a 
similar type may also be employed as ?llers in gelatin 
capsules. Preferred materials in this connection include 
lactose or milk sugar as Well as high molecular Weight 
polyethylene glycols. When aqueous suspensions and/or 
elixirs are desired for oral administration, the active ingre 
dient may be combined With various sWeetening or ?avoring 
agents, coloring matter or dyes, and, if so desired, emulsi 
fying and/or suspending agents as Well, together With such 
diluents as Water, ethanol, propylene glycol, glycerin and 
various like combinations thereof. 

For parenteral administration, solutions containing a com 
pound of the Formula I of the present invention or a 
pharmaceutically acceptable salt thereof in either sesame or 
peanut oil, in aqueous propylene glycol or in sterile aqueous 
solutions may be employed. The aqueous solutions should 



US 7,309,709 B2 
25 

be suitably bu?fered (preferably pH greater than 8) if nec 
essary and the liquid diluent ?rst rendered isotonic With 
su?icient saline or glucose. These aqueous solutions are 
suitable for intravenous injection purposes. The oily solu 
tions are suitable for intraar‘ticular, intramuscular and sub 
cutaneous injection purposes. The preparation of all these 
solutions under sterile conditions is readily accomplished by 
standard pharmaceutical techniques Well knoWn to those 
skilled in the art. 
The compounds of Formula I of the present invention are 

useful in inhibiting A[3-peptide production (thus, gamma 
secretase activity) in mammals, and therefore they are able 
to function as therapeutic agents in the treatment of the 
aforementioned disorders and diseases in an a?licted mam 
mal. 
A speci?c compound of the Formula I can be determined 

to inhibit AB-peptide production using biological assays 
knoWn to those of ordinary skill in the art, for example the 
assays described beloW. 

The activity of compounds of the Formula I of the present 
invention in inhibiting gamma-secretase activity Was deter 
mined in a solubiliZed membrane preparation generally 
according to the description provided in McLendon et al. 
Cell-?ee assays for y-secrelase activity, The FASEB Journal 
(Vol. 14, December 2000, pp. 2383-2386). Using such assay, 
compounds of the present invention Were determined to 
have an IC5O activity for inhibiting gamma-secretase activity 
of less than about 100 micromolar. 

In the examples that folloW, commercial reagents Were 
used Without further puri?cation. Puri?cation by chroma 
tography Was done on prepacked silica columns from 
Biotage (Dyax Corp, Biotage Division, Charlottesville, Va.). 
Proton nuclear magnetic resonance (1H NMR) spectra Were 
recorded in deuterated solvents on a Varian INOVA400 (400 
MHZ) spectrometer (Varian NMR Systems, Palo Alto, 
Calif.). Chemical shifts are reported in parts per million 
(ppm, 6) relative to Me4Si (6 0.00). Proton NMR splitting 
patterns are designated as singlet (s), doublet (d), triplet (t), 
quartet (q), quintet (quin), sextet (sex), septet (sep), multip 
let (m) apparent (ap) and broad (br). Coupling constants are 
reported in her‘tZ (HZ). Mass spectra (MS) Were obtained 
using a Waters ZMD mass spectrometer using ?oW injection 
atmospheric pressure chemical ioniZation (APCI) (Waters 
Corporation, Milford, Mass.). Gas chromatography With 
mass detection (GCMS) Were obtained using a HeWlett 
Packard HP 6890 series GC system With a HP 5973 mass 
selective detector and a HP-1 (crosslinked methyl siloxane) 
column (Agilent Technologies, Wilmington, Del.). LC-MS 
spectra Were recorded on a Water ZQ 1525p Mass Spec 
trometry With Electrospray and a Binary HPLC Pump at 25° 
C. using gradient elution. Solvent A is 98% Water, 2% 
acetonitrile With 0.01% formic acid, Solvent B is 100% 
acetonitrile With 0.005% formic acid. A linear gradient over 
3.55 min Was used starting at 95% A, 5% B and ending at 
0% A, 100% B With a How rate of 1 mL/min. Room 
temperature (RT) refers to 20-25° C. The abbreviations “h” 
and “hrs” refer to “hours”. 

The folloWing examples illustrate the present invention. It 
is to be understood, hoWever, that the invention, as fully 
described herein and as recited in the claims, is not intended 
to be limited by the details of the following examples. 

EXAMPLES 

Intermediate 1: 2-(4-Methoxy-benZyloxy)-propionic 
Acid Methyl Ester 

To a stirred suspension of NaH (4.6 g, 60% in mineral oil, 
115 mmol) in anhydrous DMF (500 mL) under N2 at 0° C. 
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26 
Was added methyl lactate (10 g, 96.1 mmol) dropWise. After 
the addition Was complete, the reaction mixture Was stirred 
for 1 h. PMBCI (15.6 mL, 115 mmol) Was then added 
sloWly, folloWed by the addition of TBAI (7.1 g, 19.2 
mmol). The reaction mixture Was then stirred at room 
temperature for 16 h. The mixture Was then partitioned 
betWeen EtOAc (1000 mL) and Water (1000 mL). The 
aqueous layer Was further extracted With EtOAc (500 mL). 
The organic layers Were combined and Washed With Water 
(500 mL), brine (500 mL) and Was dried With sodium 
sulfate. The solvent Was removed in vacuo and the residue 
Was puri?ed With hexane/EtOAc (6:1) to give 12.3 g (57%) 
of yelloWish oil as product. lH-NMR (CDCI3, 400 MHZ) 6 
(ppM): 7.26 (d, 2H, 1:87 HZ), 6.85 (d, 2H, 1:87 HZ), 4.58 
(d, 1H, J:11.2 HZ), 4.36 (d, 1H, J:11.2 HZ), 4.02 (quartet, 
1H, 1:67 HZ), 3.78 (s, 3H), 3.73 (s, 3H), 1.39 (d, 3H, 1:67 
HZ). 

Intermediate 2: 2-(4-Methoxy-benZyloxy)-propionic 
Acid 

To a stirred solution of 2-(4-methoxy-benZyloxy)-propi 
onic acid methyl ester (12.3 g, 55 mmol) in THF (100 mL), 
MeOH (50 mL) and Water (50 mL) at room temperature Was 
added LiOH (6.6 g, 275 mmol). The reaction mixture Was 
stirred for 38 h. The reaction mixture Was adjusted to PH:1 
With 1N HCl aqueous solution and extracted With EtOAc. 
The organic layer Was dried With sodium sulfate. The 
mixture Was ?ltered and the solvent Was removed in vacuo 
to give 6.3 g (55%) of yelloW oil as product. lH-NMR 
(CDCI3, 400 MHZ) 6 (ppM): 7.26 (d, 2H, 1:87 HZ), 6.86 (d, 
2H, 1:87 HZ), 4.58 (d, 1H, J:11.2 HZ), 4.47 (d, 1H, J:11.2 
HZ), 4.08 (quartet, 1H, J:7.1 HZ), 3.79 (s, 3H), 1.22 (d, 3H, 
J:7.1 HZ). 

Intermediate 3: 5-[2-(4-Methoxy-benZyloxy)-pro 
pionylamino]-4-oxo-pentanoic Acid Methyl Ester 

To a stirred solution of 2-(4-methoxy-benZyloxy)-propi 
onic acid (6.1 g, 29 mmol) in THF (100 mL) under N2 at 0° 
C. Was added triethylamine (4.25 mL, 30.5 mmol), folloWed 
by the dropWise addition of isobutyl chlorofor'mate (3.8 mL, 
29 mmol). After the addition Was complete, the resultant 
suspension Was stirred at 0° C. for 30 min. Additional 
triethylamine (4.25 mL, 30.5 mmol) Was added folloWed by 
the addition of 5-Amino-4-oxo-pentanoic acid methyl ester 
HCl salt (5.3 g, 29 mmol). The reaction mixture Was then 
warmed to room temperature and stirred overnight. The 
reaction mixture Was diluted With EtOAc (600 mL) and 
Washed With Water (500 mL), brine (500 mL) and Was dried 
With sodium sulfate. The solvent Was removed in vacuo and 
the residue Was puri?ed With hexane/EtOAc (1 :1) to give 3 .5 
g (36%) of yelloWish oil as product. LC-MS (ES+): 338 
[M+], retention time 1.8 min; lH-NMR (CDCI3, 400 MHZ) 
6 (ppM): 7.29 (d, 2H, 1:83 HZ), 6.89 (d, 2H, 1:83 HZ), 4.54 
(d, 1H, J:11.2 HZ), 4.48 (d, 1H, J:11.2 HZ), 4.26 (dd, 1H, 
1:164, 5.4 HZ), 4.13 (dd, 1H, 1:164, 5.4 HZ), 3.96 (quartet, 
1H, 1:66 HZ), 3.80 (s, 3H), 3.68 (s, 3H), 2.74 (m, 2H), 2.67 
(m, 2H), 1.40 (d, 3H, 1:66 HZ). 

Intermediate 4: 3-{2-[1-(4-Methoxy-benZyloxy) 
ethyl] -thiaZol-5-yl}-propionic Acid Methyl Ester 

To a stirred solution of 5-[2-(4-methoxy-benZyloxy)-pro 
pionylamino]-4-oxo-pentanoic acid methyl ester (3.5 g, 10.4 
mmol) in toluene (35 mL) under N2 at room temperature Was 
added laWesson’s reagent (4.2 g, 10.4 mmol) in one portion. 
The reaction mixture Was then heated to re?ux for 1 h. The 
reaction mixture Was cooled to room temperature and 
diluted With EtOAc. The mixture Was Washed With Water 
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(500 mL), brine (500 mL) and dried With sodium sulfate. 
The solvent Was removed in vacuo and the residue Was 
puri?ed With hexane/EtOAc (5:1) to give 1.1 g (32%) of 
colorless oil as product. MS (APCI, ES+): 336; lH-NMR 
(CDCI3, 400 MHZ) 6 (ppM): 7.39 (s, 1H), 7.23 (d, 2H, 1:20 
HZ), 6.86 (d, 2H, J:2.1 HZ), 4.74 (quartet, 1H, 1:66 HZ), 
4.50 (d, 1H, J:11.2 HZ), 4.42 (d, 1H, J:11.2 HZ), 3.78 (s, 
3H), 3.68 (s, 3H), 3.13 (t, 2H, 1:75 HZ), 2.67 (t, 2H, 1:75 
HZ), 1.54 (d, 3H, 1:66 HZ). 

lnterrnediate 5: 
3 -[2-(1-Hydroxy-ethyl)-thiaZol-5 -yl] -propionic Acid 

Methyl Ester 

To a stirred solution of 3-{2-[1-(4-methoxy-benZyloxy) 
ethyl]-thiaZol-5-yl}-propionic acid methyl ester (1.0 g, 3.0 
mmol) in 20:1 CH2Cl2:H2O (21 mL) under N2 at room 
temperature Was added DDQ (680 mg, 3.0 mmol) in one 
portion. The reaction mixture Was stirred for 5 h. Small 
amount of starting material still present. Additional DDQ 
(200 mg, 0.88 mmol) Was added and the reaction mixture 
Was stirred for additional 2 h. The reaction mixture Was then 
diluted With CH2Cl2 and Washed With saturated NaHCO3 
aqueous solution. The aqueous layer Was further extracted 
With CH2Cl2. The organic layers Were combined and Washed 
With Water (500 mL), brine (500 mL) and dried With sodium 
sulfate. The solvent Was removed in vacuo and the residue 
Was puri?ed With hexane/EtOAc (1:1) to give 330 mg (51%) 
of broWnish oil as product. lH-NMR (CDCl3, 400 MHZ) 6 
(ppM): 7.39 (s, 1H), 5.04 (quartet, 1H, 1:66 HZ), 3.67 (s, 
3H), 3.11 (t, 2H, 1:66 HZ), 2.76 (s, br, 1H), 2.65 (t, 2H, 
J:7.0 HZ), 1.58 (d, 3H, J:6.6 HZ). 

Intermediate 6: 4-Chloro-N-(2,5-di?uoro-phenyl) 
benZenesulfonamide 

To a stirred solution of 2,5-di?uoroaniline (0.95 mL, 9.5 
mmol) in pyridine (50 mL) under N2 at room temperature 
Was added 4-chlorobenZene sulfonyl chloride (2.0 g, 9.5 
mmol) in one portion. The reaction mixture Was stirred for 
22 h. The reaction mixture Was concentrated in vacuo and 
the residue Was dissolved in CH2Cl2 (80 mL). The solution 
Was Washed With brine (500 mL) and dried With sodium 
sulfate. The solvent Was removed in vacuo and the residue 
Was puri?ed With hexane/EtOAc (6:1) to give 2.4 g (83%) 
of White solid as product. lH-NMR (CDCl3, 400 MHZ) 6 
(ppM): 7.72 (d, 2H, J:7.7 HZ), 7.42 (d, 2H, J:7.7 HZ), 7.33 
(m, 1H), 6.92 (m, 1H), 6.71-6.77 (m, 2H). 

Example 1 

3-(2-{1-[(4-Chloro-benZenesulfonyl)-(2.5-di?uoro 
phenyl)-amino] -ethyl } -thiaZol-5-yl)-propionic Acid 

methyl Ester 

To a stirred solution of triphenylphosphine (330 mg, 1.26 
mmol) in toluene (5 mL) under N2 at room temperature Was 
added intermediate 4-chloro-N-(2,5-di?uoro-phenyl) benZe 
nesulfonamide (304 mg, 1.0 mmol), folloWed by sloW 
addition of DEAD (198 uL, 1.26 mmol). After the addition 
Was complete, a solution of 3-[2-(1-hydroxy-ethyl)-thiaZol 
5-yl]-propionic acid methyl ester (180 mg, 0.84 mmol) in 
toluene (5 mL) Was added dropWise. The reaction mixture 
Was stirred for 16 h and Was then diluted With EtOAc. The 
solution Was Washed With Water, brine and dried With 
sodium sulfate. The solvent Was removed in vacuo and the 
residue Was puri?ed With hexane/EtOAc (3:1) to give 235 
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mg (56%) of a colorless oil as product. MS (APCI) ES+: 
501, ES—: 499. 1H-NMR(CD3OD, 400 MHZ) 6 (ppM): 7.76 
(d, 2H, 1:83 HZ), 7.58 (d, 2H, 1:83 HZ), 7.34 (s, 1H), 7.18 
(m, 3H), 5.83 (quartet, 1H, 1:70 HZ), 3.66 (s, 3H), 3.11 (t, 
2H, 1:75 HZ), 2.65 (t, 2H, 1:75 HZ), 1.52 (d, 3H, 1:66 
HZ). 

Example 2 

3 -(2-{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] -ethyl } -thiaZol-5-yl)-propionic Acid 

To a stirred solution of 3-(2-{1-[(4-chloro-benZenesulfo 
nyl)-(2,5-di?uoro-phenyl)-amino]-ethyl}-thiaZol-5-yl)-pro 
pionic acidmethyl ester (20 mg, 0.04 mmol) in THF (1 mL) 
and Water (1 mL) at room temperature Was added LiOH (4.8 
mg, 0.2 mmol). The reaction mixture Was stirred for 4 h. No 
starting material Was left. The reaction mixture Was adjusted 
to PHIl With 1N HCl aqueous solution and extracted With 
EtOAc. The organic layer Was then dried With sodium 
sulfate and the solvent Was removed in vacuo to give 15 mg 
(77%) of colorless oil as product. LC-MS (ES+): 487 [M+l], 
retention time 2.5. lH-NMR (CD3OD, 400 MHZ)6 (ppM): 
7.74 (d, 2H, 1:87 HZ), 7.58 (d, 2H, 1:88 HZ), 7.36 (s, 1H), 
7.18 (m, 3H), 5.83 (quartet, 1H, 1:70 HZ), 3.10 (t, 2H, 1:75 
HZ), 2.61 (t, 2H, 1:75 HZ), 1.52 (d, 3H, 1:70 HZ). 

Example 3 

4-Chloro -N-(2,5 -di?uoro-phenyl)-N-{1-[5 -(3 -mor 
pholin-4-yl-3-oxo -propyl) -thiaZol-2 -yl] -ethyl} -ben 

Zenesulfonamide 

To a stirred solution of 3-(2-{1-[(4-chloro-benZenesulfo 
nyl)-(2,5-di?uoro-phenyl)-amino]-ethyl}-thiaZol-5-yl)-pro 
pionic acid (15 mg, 0.03 mmol) in DMF (1 mL) under N2 at 
room temperature Was added iPrZNEt (10 uL, 0.07 mmol), 
EDCI (7.0 mg, 0.037 mmol) and HOBt (5.0 mg, 0.037 
mmol). The mixture Was stirred to form a homogeneous 
solution and morpholine (3.2 mg, 0.037 mmol) Was added. 
The reaction mixture Was stirred at room temperature for 16 
h and Was then diluted With EtOAc. The solution Was 
Washed With Water, brine and dried With sodium sulfate. The 
solvent Was removed in vacuo and the residue Was puri?ed 
With hexane/EtOAc (1 :3) to give 2.4 mg of product. LC-MS 
(ES+): 556 [M+l], retention time 2.5 min. lH-NMR 
(CD3OD, 400 MHZ)6 (ppM): 7.74 (d, 2H, 1:87 HZ), 7.58 
(d, 2H, 1:88 HZ), 7.36 (s, 1H), 7.18 (m, 3H), 5.80 (quartet, 
1H, J:7.0 HZ), 3.60 (m, 4H), 3.54 (m, 2H), 3.48 (m, 2H), 
3.09 (t, 2H, 1:75 HZ), 2.67 (t, 2H, 1:75 HZ), 1.50 (d, 3H, 
J:7.0 HZ). 
The folloWing examples Were prepared using procedures 

similar to that of example 3: 

benZenesulfonaInide 
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-continued 

Example MS Name 

7 LC-MS (ES+): 
2.8 min, 542 
[M + 1] 

8 LC-MS (ES+): 
2.5 min, 540 
[M + 1] 

9 LC-MS (ES+): 

propionarnide 

N- (3,3-dimethyl-butyl)—propionarnide 

Example 13 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-{1-[5-(3 —hy 
droxy-3-methyl-butyl)-thiaZol-2 -yl] —ethyl} -benZene 

sulfonamide 

To a stirred solution of 3-(2-{1-[(4-chloro-benZenesulfo 
nyl)-(2,5-di?uoro-phenyl)-amino]—ethyl}-thiaZol-5-yl)-pro 
pionic acid methyl ester (48 mg, 0.96 mmol) in THF (4 mL) 
under N2 at —780 C. Was added MeMgBr (3M in Et2O, 160 
uL, 0.48 mmol). The mixture Was slowly Warmed to room 
temperature and stirred overnight. The reaction Was 
quenched With 1 mL saturated NH4Cl aqueous solution and 
diluted With EtOAc. The solution Was Washed With Water, 
brine and dried With sodium sulfate. The solvent Was 
removed in vacuo and the residue Was puri?ed With 15-60% 
EtOAc in hexane to give 1.8 mg product and 30 mg 
recovered starting material. LC-MS (ES+): 501, retention 
time 3.5. 

Example 14 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-{1-[5-(3 —hy 
droxy-propyl)-thiaZol-2-yl] —ethyl } -benZenesulfona 

mide; and 

Example 15 

4-Chloro —N- (2,5 -di?uoro —phenyl) -N-{ 1 - [5 -(3 -oxo 
propyl) -thiaZol-2-yl] —ethyl } -benZenesulfonamide 

To a stirred solution of 3-(2-{1-[(4-Chloro-benZenesulfo 
nyl)-(2,5-di?uoro-phenyl)-amino]—ethyl}-thiaZol-5-yl)-pro 
pionic acid (150 mg, 0.31 mmol) in THF (4 mL) under N2 
at —780 C. Was added DIBAL (1M in THF, 0.93 mL, 0.93 
mmol). The mixture Was sloWly Warmed to room tempera 
ture and stirred overnight. Saturated Rochelle salt aqueous 
solution Was added and the mixture Was stirred for 1 h. The 
mixture Was then diluted With Et2O and Washed With Water, 
brine and dried With sodium sulfate. The solvent Was 
removed in vacuo and the residue Was puri?ed With hexane: 
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EtOAc (1:1) in hexane to give 22 mg of 4-Chloro-N-(2,5 
di?uoro-phenyl)-N-{1-[5-(3 -oxo -propyl)-thiaZol-2 -yl] - 
ethyl}-benZenesulfonamide, APCI (ES+): 471 [M+1]; LC 
MS (ES+): 471 [M+1], 3.5 min; 26 mg of 4-Chloro-N-(2, 
5 -di?uoro-phenyl)-N-{1-[5 -(3 —hydroxy-propyl)-thiaZol-2 
yl]—ethyl}-benZenesulfonamide, LC-MS (ES+): 473 [M+1], 
3.4 min. 

Intermediate 7: 5-[2-(tert-Butyl-dimethyl-silanyl) 
ethyl]-4-methyl-thiaZole 

To a stirred solution of 2-(4-methyl-thiaZol-5-yl)-ethanol 

(10 g, 70.0 mmol) in THE (140 mL) under N2 at room 
temperature Was added imidaZole (19 g, 280 mmol) and 
TBSCI (15.8 g, 105 mmol). The reaction mixture Was stirred 
for 1 h. The reaction mixture Was diluted in Et2O (500 mL) 
and Was Washed With 1N HCl, NaHCO3 aq, brine and dried 
With sodium sulfate. The solvent Was removed in vacuo to 

give 22 g clear liquid as product. lH-NMR (CDCI3, 400 
MHZ) 6 (ppM): 8.53 (s, 1H), 3.75 (t, 2H, 1:66 HZ), 2.93 (t, 
2H, 1:66 HZ), 2.37 (s, 3H), 0.85 (s, 9H), 0.07 (s, 6H). 

Intermediate 8: 1 -{ 5 -[2-(tert-Butyl-dimethyl-silany 
loxy)-ethyl] —4 -methyl-thiaZol-2 -yl} —ethanol 

To a stirred solution of 5-[2-(tert-butyl-dimethyl-silanyl) 
ethyl]-4-methyl-thiaZole (17 g, 66.5 mmol) in THE (220 
mL) under N2 at —780 C. Was added BuLi (2.5M in hexane, 
32 mL, 80 mmol) dropWise over 45 min. Acetaldehyde (3.5 
g, 80 mmol) Was then added dropWise. The reaction mixture 
Was then Warmed to room temperature and stirred for 4.5 h. 
The reaction Was quenched With NH4Cl aq and Was then 
extracted With Et2O (3x200 mL). The combined ether layer 
Was Washed With Water, brine and dried With sodium sulfate. 
The solvent Was removed in vacuo and the residue Was 

puri?ed With hexane: EtOAc (1:1) to give 8.0 g clear oil as 
product. LC-MS (ES'): 302, retention time 3.5 min. 

Example 16 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-{1-[5-(2-hy 
droxy-ethyl) —4 -methyl-thiaZol-2 -yl] —ethyl} -benZene 

sulfonamide 

To a stirred solution of triphenylphosphine (4.1 g, 15.8 
mmol) in toluene (45 mL) under N2 at room temperature Was 
added 4-chloro-N-(2,5-di?uoro-phenyl)-benZenesulfona 
mide (4.0 g, 13.2 mmol), folloWed by sloW addition of 
DEAD (2.5 mL, 15.8 mmol). After the addition Was com 
plete, 1- { 5 -[2-(tert-butyl-dimethyl-silanyloxy) —ethyl] —4 —me 
thyl-thiaZol-2-yl}—ethanol (4.0 g, 13.2 mmol) Was added 
dropWise. The reaction mixture Was stirred for 16 h and Was 
then diluted With EtOAc. The solution Was Washed With 
Water, brine and dried With sodium sulfate. The solvent Was 
removed in vacuo and the residue Was then dissolved in THE 

(100 mL) and TBAF (1M in THF, 14 mL) Was added 
dropWise. The mixture Was stirred at room temperature for 
1 h and Was then diluted With Et2O (500 mL) and Washed 
With Water, brine and dried With sodium sulfate. The solvent 
Was removed in vacuo and the residue Was puri?ed using 
hexane:EtOAc (1:1) to give 0.7 g White solid as product. 
LC-MS (ES+): 473 [M+1], retention time 3.4 min. 
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The following examples Were prepared via similar pro 
cedure using the corresponding thiaZoles and aldehydes: 

Example MS Name 

4-Chloro -N- (2,5 -di?uoro -phenyl) -N- [1 -(5 -formyl-4 
methyl-thiaZol-2 -yl)-ethyl] -benZenesulfonamide 

To a stirred solution of 4-chloro-N-(2,5-di?uoro-phenyl) 
N- [1 -(4-methyl-5 -vinyl-thiaZol-2 -ethyl] -benZenesulfona 
mide (5.0 g, 11 mmol) in dioxane/H2O (3:1, 44 mL) under 
N2 at room temperature Was added OsO4 (2.7 mg, 0.001 
mmol) and stirred for 5 min and NalO4 (4.6 g, 21.8 mmol) 
Was then added in small portions. The reaction mixture Was 
stirred at room temperature for 16 h and Was then diluted 
With EtOAc. The solution Was Washed With Water, brine and 
dried With sodium sulfate. The solvent Was removed in 
vacuo and the residue Was puri?ed using hexanezEtOAc 
(3: 1) to give 1.7 g White solid as product. LC-MS (ES’'): 457 
[M+1], retention time 2.9 min. 

Example 28 

4-Chloro-N-(2,5-di?uoro-phenyl)-N-{1-[4-methyl-5 - 

(4-methyl-piperaZin-1-ylmethyl)-thiaZol-2-yl] 
ethyl } -b enZene sulfonamide 

To a stirred solution of 4-chloro-N-(2,5-di?uoro-phenyl) 
N- [1 -(5-formyl-4 -methyl-2-yl)-ethyl] -benZenesulfonamide 
(50 mg, 0.11 mmol) in MeOH (0.3 mL) and CH2Cl2 (0.3 
mL) Was added N-methyl piperaZine (11 mg, 0.11 mmol), 
NaCNBH3 (8.3 mg, 0.13 mmol) and ZnCl2 (1.5 mg, 0.01 
mmol) under N2 at room temperature. The reaction mixture 
Was stirred at room temperature for 16 h and Was then 
diluted With EtOAc. The solution Was Washed With Water, 
brine and dried With sodium sulfate. The solvent Was 
removed in vacuo amd the residue Was puri?ed using 0-7% 
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MeOH in CH2Cl2 to give 10 mg oil as product. LC-MS 
(ES+): 541[M+1], retention time 1.8 min. 
The folloWing examples Were prepared via similar pro 

cedures using the corresponding amines: 
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3-(2-{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] —ethyl } —4 -methyl-thiaZol-5 -yl) —propi 

onic acid methyl ester 

To a stirred suspension of NaH (60% in mineral oil, 52 
mg, 1.3 mmol) in THF (10 mL) under N2 at 0° C. Was added 
methyl diethylphosphonoacetate (238 uL, 1.3 mmol). The 
mixture Was stirred for 15 min, then 4-chloro-N-(2,5-dif 
luoro-phenyl)-N- [1 -(5 —formyl-4-methyl-thiaZol-2-yl) 
ethyl]-benZenesulfonamide (0.5 g, 1.1 mmol) in THF (4 mL) 
Was added. The reaction mixture Was gradually Warmed to 
room temperature and stirred for 2 h. The reaction Was 
quenched With sat. NH4Cl aqueous solution and Was then 
diluted With EtZO. The mixture Was Washed With Water, 
brine and dried With sodium sulfate. The solvent Was 
removed in vacuo and the residue Was puri?ed using 
10-70% EtOAc in hexane to give 350 mg of 3-(2-{1-[(4 
chloro -benZenesulfonyl)-(2, 5 -di?uoro -phenyl)-amino] - 
ethyl}-4-methyl-thiaZol-5-yl)-acrylic acid methyl ester. LC 
MS (ES+): 513 [M+1], retention time 2.6 min. 3-(2-{1-[(4 
Chloro-benZenesulfonyl)-(2,5-di?uoro-phenyl)-amino] 
ethyl}-4-methyl-thiaZol-5-yl)-acrylic acid methyl ester (300 
mg, 0.58 mmol) Was dissolved in MeOH (5 mL) and the 
solution Was then cooled to 00 C. under N2. NiCl2.6H2O 
(237 mg, 0.99 mmol) Was added and the mixture Was stirred 
for 30 min and NaBH4 (88 mg, 2.3 mmol) Was then added. 
The reaction mixture Was stirred at 0° C. for 1 h and then 
gradually Warmed to room temperature over 2 h. The 
reaction mixture Was ?ltered through a pad of celite and 
Washed the cake With EtZO. The ?ltrate Was concentrated in 
vacuo and the residue Was puri?ed With 15-70% EtOAc in 
hexane to give 150 mg colorless oil as product. LC-MS 
(ES+): 515 [M+1], retention time 2.9 min. 

Example 52 

3-(2-{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] —ethyl } —4 -methyl-thiaZol-5 -yl) —propi 

onic Acid 

To a stirred solution of 3-(2-{1-[(4-chloro-benZenesulfo 
nyl)-(2,5-di?uoro-phenyl)-amino]—ethyl}-4-methyl-thiaZol 
5-yl)-propionic acid methyl ester (150 mg, 0.29 mmol) in 
THF (3 mL) and Water (3 mL) at room temperature Was 
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added LiOH (350 mg, 1.5 mmol). The reaction mixture Was 
stirred for 16 h. No starting material Was left. The reaction 
mixture Was adjusted to PH:1 With 1N HCl aqueous solu 
tion and extracted With EtOAc. The organic layer Was then 
dried With sodium sulfate and the solvent Was removed in 
vacuo to give 138 mg of colorless oil as product. LC-MS 
(ES+): 501, retention time 2.7 min. 

Intermediate 9: 1-ThiaZol-5-yl-ethanol 

To a stirred suspension of thiaZole (10 g, 117.5 mmol) in 
THE (300 mL) under N2 at —78° C. Was added n-BuLi (2.5 
M in hexane, 47 mL, 118.3 mmol) dropWise. After the 
addition Was complete, the mixture Was stirred at —78° C. for 

30 min, then TBSCI (17.64 g, 117.5 mmol) in THF (40 mL) 
Was added. The reaction mixture Was further stirred at —78° 
C. for 1 h and then gradually Warmed to room temperature 
and stirred for overnight. The reaction Was quenched With 
sat. NH4Cl aqueous solution and diluted With Et2O (700 
mL). The mixture Was Washed With Water, brine and dried 
With sodium sulfate. The solvent Was removed in vacuo and 

the residue Was then diluted With 2:1 hexane: Et2O (100 mL) 
and ?ltered through a pad of silica gel (eluent 2:1 hexane: 
Et2O). The ?ltrate Was concentrated in vacuo to give 21.4 g 
1-t-butyl-dimethylsilyl thiaZole. 
The l-tert-Butyl-dimethylsilyl thiaZole compound Was 

diluted With THE (200 mL) and cooled doWn to —78° C. 
under N2. To this solution Was added n-BuLi (2.5 M in 
hexane, 47 mL, 118.3 mmol) dropWise. After the addition 
Was complete, the mixture Was stirred at —78° C. for 30 min, 
then acetaldehyde (6.64 mL, 118.3 mmol) Was added. The 
reaction mixture Was further stirred at —78° C. for 1 h and 
then gradually Warmed to room temperature and stirred for 
overnight. The reaction Was quenched With H20 (20 mL) 
and diluted With Et2O (600 mL). The mixture Was Washed 
With Water, brine and dried With sodium sulfate. The solvent 
Was removed in vacuo to give a crude residue. The residue 
Was dissolved in THE (200 mL) and TBAF (1M in THE, 108 
mL) Was added dropWise at room temperature. The mixture 
Was stirred for 1 h and Was then diluted With diluted With 
Et2O (600 mL). The mixture Was Washed With Water, brine 
and dried With sodium sulfate. The solvent Was removed in 
vacuo and the residue Was puri?ed With 50-86% EtOAc in 
hexane to give 4.1 g broWn oil as product. lH-NMR (CDCl3, 
400 MHZ) 6 (ppM): 8.72 (s, 1H), 7.74 (s, 1H), 5.21 (quartet, 
1H, 1:62 HZ), 1.60 (d, 3H, 1:62 HZ). 

Example 53 

4-Chloro —N- (2,5 -di?uoro-phenyl)-N-(1-thiaZol-5-yl 
ethyl) -benZenesulfonamide 

To a stirred solution of triphenylphosphine (5.35 g, 20.4 
mmol) in toluene (100 mL) under N2 at room temperature 
Was added 4-chloro-N-(2,5-di?uoro-phenyl) benzene 
sulfonamide (5.2 g, 17.0 mmol), folloWed by sloW addition 
of di-tert-butyl aZa dicarboxylate (4.70 g, 20.4 mmol). After 
the addition Was complete, a solution of 1-thiaZol-5-yl 
ethanol (2.19 g, 17.0 mmol) in toluene (20 mL) Was added 
dropWise. The reaction mixture Was stirred for 16 h and Was 
then diluted With EtOAc. The solution Was Washed With 
Water, brine and dried With sodium sulfate. The solvent Was 
removed in vacuo and the residue Was puri?ed With hexane/ 
EtOAc (4:1) to give 3.5 g of White solid as product. LC-MS 
(ES+): 415, retention time 2.6 min. 
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Example 54 

4-Chloro -N- (2,5 -di?uoro-phenyl)-N-[1-(2-formyl 
thiaZol-5 -yl) -ethyl] BenZenesulfonamide 

To a stirred solution of 4-chloro-N-(2,5-di?uoro-phenyl) 
N-(1-thiaZol-5-yl-ethyl)-benZenesulfonamide (0.5 g, 1.2 
mmol) in Et2O (5 mL) under N2 at —780 C. Was added 
n-BuLi (2.5 M in hexane, 0.58 mL, 1.44 mmol). The mixture 
Was stirred at —780 C. for 30 min, then N-formylmorpholine 
(166 mg, 1.44 mmol) Was added dropWise. The reaction 
mixture Was stirred at —780 C. for 30 min and then at room 
temperature for 2.5 h. The reaction mixture Was diluted With 
Et2O (100 mL) and Was Washed With Water, brine and dried 
With sodium sulfate. The solvent Was removed in vacuo and 
the residue Was puri?ed With 20-50% EtOAc in hexane to 
give 115 mg of White solid as product. LC-MS (ES+): 443, 
retention time 2.7 min. 

Example 55 

5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5 -di?uoro 
phenyl) -amino] -ethyl} -thiaZole-2-carboxylic Acid 

To a stirred solution of 4-chloro-N-(2,5-di?uoro-phenyl) 
N- [1 -(2-formyl-thiaZol-5 -yl)-ethyl]benZenesulfonamide 
(111 mg, 0.25 mmol) in t-BuOH (2 mL) and H20 (1 mL) 
under N2 at room temperature Was added 2-methyl-2 -butene 
(0.25 mL), NaClO2 (141 mg, 1.25 mmol) and 
NaH2PO4H2O (284 mg, 2.0 mmol). The mixture Was stirred 
at room temperature for 2 h and the reaction mixture Was 
diluted With EtOAc (100 mL) and Washed With Water, brine 
and dried With sodium sulfate. The solvent Was removed in 
vacuo to give 56 mg of White solid as product. LC-MS 
(ES+): 459, retention time 2.2 min. 

FolloWed the same procedure in example 51, from 
4-Chloro-N-(2,5-di?uoro-phenyl)-N-[1-(2-formyl-thiaZol 
5-yl)-ethyl]benZenesulfonamide the folloWing example Was 
synthesized: 

Example 56 

3-(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] -ethyl}-thiaZol-2-yl)-propionic Acid 

Methyl Ester 

LC-MS (ES+): 501, retention time 2.8 min. 
FolloWed the same procedure in example 52, from 3-(5 

{1-[(4 -Chloro-benZenesulfonyl)-(2,5 -di?uoro -phenyl) 
amino]-ethyl}-thiaZol-2-yl)-propionic acid methyl ester the 
folloWing example Was synthesiZed: 

Example 57 

3-(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] -ethyl}-thiaZol-2-yl)-propionic Acid 

LC-MS (ES+): 487, retention time 2.5 min. 

Example 58 

5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5 -di?uoro 
phenyl)-amino]-ethyl}-thiaZole-2-carboxylic Acid 

Amide 

To a stirred solution of 5-{1-[(4-chloro-benZenesulfonyl) 
(2, 5-di?uoro-phenyl)-amino] -ethyl } -thiaZole-2 -carboxylic 
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36 
acid (280 mg, 0.61 mmol) in THF (12 mL) under N2 at 00 
C. Was added N-methylmorpholine (80 uL, 0.73 mmol), 
iso-butylchloroformate (96 uL, 0.73 mmol). After the addi 
tion Was complete, the reaction mixture Was stirred at 00 C. 
for 1 h and then NH4OH (128 uL, 0.92 mmol) Was added. 
The mixture Was Warmed to room temperature and stirred 
for 16 h. The reaction mixture Was diluted With Et2O (100 
mL) and Washed With Water, brine and dried With sodium 
sulfate. The solvent Was removed in vacuo and the residue 
Was puri?ed With 0-10% MeOH in CH2Cl2 to give 250 mg 
solid, Which Was then triturated With EtOAc to give 133 mg 
of White solid as product. LC-MS (ES+): 458, retention time 
2.5 min. 

FolloWed the same procedure in example 58, from 3-(5 
{ 1 -[(4 -Chloro -benZenesulfonyl)-(2,5 -di?uoro -phenyl) 
amino] -ethyl}-thiaZol-2-yl)-propionic acid the folloWing 
examples Were synthesiZed: 

Example 59 

3 -(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl)-amino] -ethyl} -thiaZol-2-yl) -propionamide 

LC-MS (ES+): 486, retention time 2.3 min. 

Example 60 

3 -(5 -{1-[(4-Chloro-benZenesulfonyl)-(2,5-di?uoro 
phenyl) -amino] -ethyl }-thiaZol-2 -yl)-N-methyl-propi 

onamide 

LC-MS (ES+): 500, retention time 2.3 min. 
FolloWed the same procedure in example 28, from 

4-chloro -N- (2,5 -di?uoro -phenyl) -N- [1 -(2-formyl-thiaZol-5 - 
yl)-ethyl]benZenesulfonamide the folloWing examples Were 
synthesiZed: 

acid amide 

Example 63 

4-Chloro -N- (2,5 -di?uoro-phenyl)-N-[1-(2-hy 
droxymethyl-thiaZol -5 -yl) -ethyl] -benZenesulfona 

mide. 

Isolated as side product from the reactions above. LC-MS 
(ES+): 445, retention time 2.4 min. 
The invention described and claimed herein is not to be 

limited in scope by the speci?c embodiments herein dis 
closed, since these embodiments are intended as illustrations 
of several aspects of the invention. Any equivalent embodi 
ments are intended to be Within the scope of this invention. 
Indeed, various modi?cations of the invention in addition to 
those shoWn and described herein Will become apparent to 
those skilled in the art from the foregoing description. Such 
modi?cations are also intended to fall Within the scope of the 
appended claims. 








